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ABSTRACT 
The Tinton district is located on the northwest flank of the 
Black Hills uplift, 20 km west of Lead, South Dakota, along the Wyoming-
South Dakota border. The Tinton or Nigger Hill uplift comprises a cen-
tral area of domed Precambrian Xstrata with marginal exposures of 
Paleozoic sedimentary rocks which dip radially outward on all sides. 
The area was intruded by Cenozoic igneous rocks that include a stock 
of quartz latite/quartz trachyte porphyry, an alkalic ring dike complex, 
lamprophyre dikes and intrusive breccia. 
Precambrian rocks are represented by a sequence of metapelites 
thst have been intruded by metabasite and granitic pegmatite dikes. 
The schistosity of the metapelites strikes NNW with a consistent west-
erly dip of 28° to 90°. The metamorphic conditions were determined to 
be 3.5-4 kbar at 520-540°C on the basis of textures and mineral para-
geneses of the metapelites and metabasites. 
Quartz latite/quartz trachyte porphyry is exposed as large 
-
masses in a steep-walled, columnar jointed marginal zone and as high 
angle sills with parting screens of schist in the central area. The 
geometric relations with confining rock units and igneous foliation 
suggests that a stock is present at depth. Major element chemistry 
indicates a differentiated series with an alkali basalt affinity 
though a tholeiitic derivation was not disproved. Feldspar structure 
and chemistry were utilized to trace the fractionation path and to 
estimate intrusion temperatures. 
xi 
The intrusion of alkalic lamprophyre dikes post-dates the 
solidification of the quartz latite porphyry mass. Model mineralogy, 
textures,and clinopyroxene chemistry indicates en apparent consanguin-
ity between lamprophyre dikes and pyroxenite of the Mineral Hill alkalic 
ring dike complex. The lamprophyres may have evolved from a volatile-
rich fraction of the pyroxenite magma. 
Late-stage hydrothermal alteration affected all rocks in the 
Tinton district. A classic alteration halo was observed with progres-
sive intensity of sericitic, propylitic, and pyritic alteration toward 
the center ot the uplift accompanied by intrusive breccia. The chemis-
try, fabric, geometry, age, and alteration conforms to the porphyry 
copper enviromnent. 
xii 
INTRODUCTION 
Location and General Geology of the Tinton District 
The Tinton district is located on the northwest flank of the 
Black Hills uplift, 20 km west of Lead, South Dakota, along the Wyoming-
South Dakota border (W 104° OS', N 44° 25' ; Figure 1). The Tinton or 
Nigger Hill uplift comprises a central area of domed Precambrian rocks 
and a marginal zone of Lower Paleozoic sedimentary rocks which dip radi-
ally outward on all sides. The complex has been intruded by Cenozoic 
igneous rocks largely of Eocene age (McDowell, 1966). The Tinton uplift 
nearly coincides with the intersection of the NNE trending Fanny Peak 
lineament which separates the two distinct structural blocks of the Black 
Hills uplift {Shapiro, 1971) and a WNW trending, 8 km wide belt of 
Cenozoic intrusives that extends across the northern Black Hills from 
Bear Butte in South Dakota to Missouri Buttes in Wyoming (Welch, 1974). 
Previous Work 
--·--· 
The geology of the Tinton district has received moderate atten-
tion in the last century beginning with early reconnaisance of the 
Black Hills proper which documented the occurrence of gold and tin 
(Newton and Jenney, 1880, Eimnons and others, 1904). In their report on 
the Sundance quadrangle, Darton and Smith (1905) included a large-scale 
geologic map, petrographic descriptions, and general economic prospects. 
Berg (1940) contributed additional petrographic work and recognized a 
1 
2 
Fig. 1. Generalized geologic map of the Black Rills area and 
location of the Tinton district. 
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ring dike complex within the Nigger Hill uplift, west of the Tinton 
district. Renewed economic interest in the area prompted a detailed 
report by Smith and Page (1941). They concentrated their efforts on 
the Precambrian tin-bearing pegmatites and prepared the first small-
scale geologic map of the Tinton district. In the adjoining area to 
the west, Welch (1974) mapped and examined the petrography of the alkalic 
rocks of the ring dike complex. His work included a quantitative and 
semi-quantitative analysis of selected trace elements. 
Purpose and Scope 
The purpose of this report is to provide a more detailed analy-
sis and interpretation of the structure and petrology of the igneous, 
metamorphic, and sedimentary rocks of the Tinton district. Structural 
relations of geologic units are presented in a detailed geologic map 
(1:13,500) of a 40 km2 area (Plate 1). The mapping project was done by 
pace and compass methods during the field season of 1977 and entailed 
field description of all rock types specifying their spatial relation-
ships, time Sfquencing, and structural attitude. A suite of 150 samples 
was collected for subsequent petrographic investigation. Paleozoic sedi-
mentary rocks were macroscopically described and differentiated into 
rock stratigraphic units. Metamorphic rocks were examined in petrographic 
thin-sections and by x-ray diffraction analysis. Metapelite and metabasite 
mineral parageneses were interpreted with respect to metamorphic conditions. 
Cenozoic igneous rocks were examined in detail by the following petrographic 
methods: 
1) modal analysis 
2) feldspar staining 
3) chemical analysis 
4) normative calculation 
5) x-ray diffraction 
4 
-500 counts/ thin-section 
-distinction of matrix feldspars 
-major elements determined by 
x-ray fluorescence and electron-
microprobe techniques 
-classification and comparison 
-mineral identification 
Major mineral phases were examined by electron microprobe to ascertain 
compositions. The structural state of feldspars from quartz latite-
quartz trachyte porphyry was determined by x-ray diffraction and refine-
ment of unit cell parameters. The geometry of the main intrusive mass 
was compared with stock and laccolith models. Hydrothermal alteration 
minerals were monitored for local distribution and interpreted with 
respect to ore prospects. 
PRECAMBRIAN ROCKS 
Metamo_!])hic Rocks 
General Black Hills Stratigraphy 
The Precambrian record in the Black Hills is represented by 
more than 3700 m of metamorphosed sedimentary rocks and minor metavolcanics 
of Precambrian X age that rest nonconformably on Precambrian W gneiss 
(King, 1976). The metasedimentary sequence begins with a thick basal 
quartzite succeeded by an equally thick conglomerate with laterally 
associated schist, iron formation, and limestone. Overlying these is a 
thick sequence of interbedded metagraywacke, slate, graphitic slate, 
phyllite, schist, and interbedded chert and pillowed flows of metabasalt. 
The formal stratigraphic nomenclature of the Black Hills Precambrian and 
estimated thicknesses of individual formations are given in Figure 2. 
The estimated thicknesses are not accurately known owing to possible 
duplication by folding. 
The sequence of Precambrian rocks in the Tinton district closely 
resembles the stratigraphy of the Flag Rock Formation as described by 
Noble and Harder (1948) in the Lead district. This conclusion is based on 
the abundance of phyllite and schist and the occurrence of metavolcanics 
and the 'iron dike' in the mapped area as described below. 
Field Occurrence 
The oldest rocks in the study area, a sequence of Precambrian 
metasedimentary rocks and rare metavolcanics is exposed in the eroded 
5 
6 
Fig, 2. Black Hills Precambrian stratigraphic column. Com-
piled from Runner (1934), Noble and Harder (1948), Bayley (1972, 1970), 
Zartman and others (1964), and King (1976). * Approximate thickness in 
metres. 
Grizzly Formation 
Flag Rock Formation 
*1500 m 
Northwestern Fm. 
*1250 m 
Ellison Formation 
*1250 m 
Homestake Formation 
*90 m 
Poorman Formation 
1 
*650 m 
Little Elk Gneiss 
schist, metagraywacke, and slate 
schist, phyllite, and quartzite with 
interbedded metabasalt (pillowed flows) 
and chert; 'iron dike' prominent at Lead 
phyllite and schist 
upper: dark quartzites and schist 
m.iddle: schist and phyllite with 
minor sideroplesite schist 
lower: dark quartzites, schist and 
phyllite 
sideroplesite or cummingtonite 
schist with abundant pods of· 
recrystallized chert. 
finely laminated gray phyllite and slate 
granitic gneiss consisting of qt14FtZ, 
microcline, orthoclase, muscovites and 
biotite with a moderate to well developed 
foliation and a cataclastic fabric. 
7 
core of the Nigger Hill uplift. These are intruded by preorogenic 
(Hudsonian) mafic igneous dikes that have been metamorphosed to amphibo-
lites and postorogenic or late kinematic concordant granitic pegmatites. 
The predominantly pelitic metasedimentary rocks are best exposed in 
valleys that have formed parallel to schistosity, while the more resistant 
pegmatites and amphibolites form the topographic divides. This geomorphic 
control is best exemplified by the prominent Nigger Hill divide which 
marks the highest concentration of pegmatites in the mapped area and the 
NNW trending valleys developed in schist north of Cement Ridge in Sec. 4, 
TSON, R60W (Plate 1). 
Metamorphic structure is defined by a well developed foliation 
and lineation. Parallel alignment of planar biotite crystals in the meta-
sedimentary rocks creates a foliation that varies in strike from N 30° W 
to N 28° E with a consistent westerly dip of 28° to 90°. One hundred 
foliation measurements are plotted on the map (Figure 3) and on a rose 
diagram (Plate 1). A prominent lineation defined by the orientation of 
elongate amphibole grains in the metahasites plunges 22° to 40° N within 
the plane of the foliation (Smith and Page, 1941). 
Schist and phyllite are the most common metasedimentary rocks. 
Relic sedimentary structures are uncommon. Schist sample T075 contains 
laminations (1 mm) that are oriented at an angle of 58° to the foliation. 
Occasional quartz-rich layers give the schists a gneissoid appearance. 
Similar monomineralic layers have been interpreted as recrystallized 
chert in the Lead district (Noble and Harder, 1948, p. 948). A discon-
tinuous, 30 m long exposure of spheroidally weathered, metamorphosed 
amygdaloidal basalt (locality Tl59) represents the only observed occur-
rence of metavolcanic rocks. Amphiholites are exposed in isolated areas 
8 
Fig. 3. Map of the foliation of the metamorphic rocks in the 
Tinton district. Foliation measurements from Sm:ith and Page (1941), 
50 measurements, and from this report, 50 measurements. 
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and are not confined to a particular stratigraphic horizon. On the 
basis of petrographic evidence, Dodge (1942) proposed that the amphi-
bolites in the Lead district were originally gabbroic sills. Reddish-
brown to dark brown chert is exposed at localities Tl61 and Tl40 where 
it forms encrustations on metapelitic rocks. This chert may be correla-
tive with the 'iron dike' that is present in the Flag Rock Formation in 
the Lead district (Noble and Harder, 1948). There, the 'iron dike' con-
sists of yellow to red to brown cherty material, is commonly exposed on 
hilltops, and is not confined to any particular horizon within the Flag 
Rock Formation. Noble and Harder (1948) suggested that the 'iron dike' 
formed from weathering of Precambrian rocks during the Precambrian-
Cambrian hiatus~ Macroscopic descriptions of,representative Precambrian 
metamorphic rocks are included in appendix A. 
Petrology of Metapelites and Metabasites 
Metapelites of the Tinton district are well foliated, gray to 
dark gray, fine-grained phyllites and schists with quartz, plagioclase, 
and biotite comprising the predominant mineral assemblage. Rare, light 
gray, 1 by 2 cm ellipsoidal porphyroblasts rich in cordierite give the 
metapelites a spotted appearance (locality T075). The minor constituents 
include muscovite, retrograde or secondary chlorite~ magnetite~ and lesser 
hematite and graphite. Modal mineralogy of metapelite samples T075 and 
T091 is given in Table 1. 
Phyllite sample T091 consists of 37% fine-grained (0.18 by 0.13 mm) 
weakly undulatory, polygonal quartz with straight boundaries meeting at 
triple junctions. About 34% of the rock consists of fine-grained (.09 mm) 
untwinned and rarely zoned albite-oligoclase which occurs in an interlocking 
10 
TABLE l 
MODAL MINERALOGY OF REPRESENTATIVE METAMORPHIC ROCKS 
SAMPLE NUMBER T091 T075 Tl53 Tl63 
Quartz 37.0 31.6 1.6 
Hornblende 62.6 37 .4 
Plagioclase 34.2 6.2 23.0 30.8 
Biotite 27.8 41.2 1.6 8.6 
Muscovite 1.6 
Chlorite 1.0 4.6 11. 8 
Cordierite 16.2 
Epidote 1.8 7.8 
Calcite 1.0 1.0 
Magnetite 1.8 1.4 1. 8 
Hematite 
Graphite 
* 
Zircon 
* * * 
Metapelite (T091, T075) Metabasite (Tl53, Tl63) 
* Trace amount (500 counts/section) -- less than 1% 
11 
mosaic of polygonal grains that surround quartz crystals. Fine-grained 
biotite (0.12 by 0.05 mm), comprising 28% of the rock, co11lll10nly occurs 
between polygonal grains of quartz and plagioclase and exhibits the follow-
ing pleochroism: X= pale yellow, :f•Z• deep gel.den brown. Rare chlorite 
partially replaces biotite along cleavage planes. 
Sample T075 is a spotted schist observed only in contact with 
Precambrian metamorphosed amygdaloidal basalt (locality T075, Plate 1). 
The mineral assemblage is similar to T091 but includes poikilitic cordierite 
(0.08 by 0.05 mm) concentrated in 1 by 2 cm ellipsoidal segregations 
(Figure 4). These segregations are impoverished in biotite and contain 
a higher concentration of chlorite with respect to the whole rock. 
Metabasites of the Tinton district are dark green to black, 
granoblastic to nematoblastic amphibolites (Figure 5). Medium-grained 
hornblende (1.6 by 1.2 mm) and oligoclase (1.2 by 0.8 mm) crystals are 
the major constituents. Biotite and localized secondary epidote,chlorite 
and calcite are common minor associated minerals. Modal mineralogy of 
metabasites Tl53 and Tl63 is given in table 1. Hornblende occurs as 
clusters of fragmented crystals with a highly variable concentration 
(37-62%) at different localities. The hornblende is pleochroic with: 
X• pale yellow-green, Y• green, z~ bluish-green. Individual grains become 
increasingly enriched in iron and depleted of inclusions from the core 
to the margin. Xenoblastic crystals of oligoclase constitute 23-33% of 
the amphibolites. Polysynthetic albite twinning is developed only occasion-
ally. Chlorite (4-11%) occurs in radiating columnar aggregates that embay, 
encircle, and pseudomorphously replace hornblende and biotite crystals. 
Biotite occurs in fine and medium-grained crystals and comprises 1-8% of 
12 
Fig, 4. Photomicrograph of metapelite T075. Poikiloblastic 
cordierite (center), foliated biotite grains, and interlocking grains 
of quartz and untwinned plagioclaee in a spotted schist with 
cordierite-rich porphyroblasts. Vertical field of view (1 mm) and 
crossed polars. 
13 
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Fig. 5, Photomicrograph of metabasite Tl63. Nematoblastic tex-
ture with grains of hornblende aligned in a 11neat1on (diagonally from 
upper right to lower left of photo). Interlocking fine and medium grains 
of oligoclase are concentrated in weakly defined layers. Microcrystal-
line calcite (left center) and chlorite (lower right) are secondary 
alteration minerals. Vertical field of view (6 mJn) and crossed polars • 
15 
s 
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the rock. Granular epidote and patchy microcrystalline aggregates of 
calcite are secondary minerals associated with localized alteration. 
Metamorphic Conditions 
The presence of cordierite-bearing metamorphic mineral assemblages 
permits estimation of the pressures and temperatures that prevailed dur-
ing the metamorphism of the pelitic rocks. The presence of cordierite 
and the rarity of pyralspite garnet are considered common features of 
low pressure metamorphism (Miyashiro, 1975, p. 74). At 500°-525° C 
cordierite may form between 2-3 Kbar by the reaction: Mg-chlorite + 
AlzSi05 +quartz= cordierite + vapor (Mueller and Saxena, 1977, p. 163)~ 
The maximum pressure stability limit of cordierite in the presence of 
micas is 6.5 Kbar at 640° C. The spotted texture of the metapelites indi-
cates that the pressure and temperature conditions of metamorphism were 
closer to the lower limit. Spotted phyllites and schists are characteris-
tic of low pressure contact metamorphism (Miyashiro, 1975, p. 277). 
Splintery, non-schistose hornfels begin to form from spotted schists at 
temperatures of medium grade metamorphism, or about 520° C (Winkler, 1976, 
p. 98). 
The typical metamorphic mineral paragenesis of the metapelites 
contains quartz+ biotite + plagioclase + rare cordierite. The presence 
of cordierite can be explained in terms of bulk chemistry. The invariable 
field association of cordierite-bearing metapelites with metavolcanics in 
the Tinton district suggests that the metavolcanics influenced the bulk 
chemistry of the proximal metasediments. A chemical analysis of spotted 
schist T075 (appendix B), when plotted on the ACF composition paragenesis 
diagram for the low pressure amphibolite facies (Miyashiro, 1975, p. 127), 
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falls within the plagioclase + cordierite + biotite stability field and 
is nearly coincident with the position of cordierite. The absence of 
cordierite in other samples may be due to insufficient pressure and temper-
ature for its formation or to an appropriate difference in bulk cht!lll:l:Jotry 
which would shift the position on the ACF diagram to the plagioclase + 
biotite univariant curve. 
The typical mineral assemblage of the metabasites includes horn-
blende+ plagioclase (An2s} + biotite. Hornblende is readily formed from 
actinolite in a discontinuous reaction in response to increasing tempera-
ture. Hornblende initially forms at 500-520° C within a pressure range 
of 4-6.5 Kbar (Winkler, 1976, p. 238). Hornblende pleochroism (z) changes 
from bluish-green (epidote-amphibolite/lower amphibolite facies) to green 
(amphibolite facies) in response to increasing temperatures (Miyashiro, 
1975, p. 254). In a reaction favored by low pressures, oligoclase forms 
from epidote + albite. An abrupt change in plagioclase composition from 
An5 to An17 occurs near ,500° C (Winkler, 1976, p. 166). 
In sunnnary, estimation of metamorphic regime in the Tinton district 
is based on the metamorphic mineral parageneses of the metabasites and 
metapelites. The upper limit of pressure and temperature conditions is 
determined by the pressure stability limit of cordierite in the presence 
of micas (6.5 Kbar at 640° C) and by both the plagioclase composition 
(Anza) and the pleochroism of hornblende (z) in the metabasites which 
suggest upper epidote-amphibolite facies metamorphism (5.5 Kbar at 625° C). 
The lower limit of pressure and temperature conditions is determined by 
th1e initial formation of cordierite in the metapelites (2-3 Kbar at 500-
5250 C) and by the conditions necessary for the formation of hornblende 
and oligoclase (4.5-5 Kbar at 500-520° C), Tbe absence of definitive 
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hornfelsic texture in the spotted schists and the occurrence of hornblende 
in the metabasites suggests that the metamorphic regime was closer to the 
lower temperature limits (520° to 540° C) at approximately 4 Kbar pressure. 
Pegmatites 
Precambrian granitic _pegmatites are a prominent geologic and eco-
nomic feature in the central Tinton district and were the subject of an 
exhaustive study by Smith and Page (1941). Much of the following is con-
densed from this source. Pegmatites outcrop in masses that range from a 
few centimetres to 100 m wide and up to 500 min length. Most of the 
pegmatites are isolated dikes scattered throughout the central Tinton 
district but they tend to coalesce southward and pitch northward. Local 
concentrations on the crest of Nigger Hill represent the focus of the eco-
nomic interest in the area. 
The abundance and large size of the pegmatite dikes northwest 
of Tinton suggest that there was in that direction a source 
from which the pegmatitic materials rose, following the direc-
tion of least resistance up the pitching structural lines of 
the schist (Smith and Page, 1941, p. 601). 
Smith and Page (1941) recognized nine separate episodes of combined 
emplacement and replacement of the pegmatites, ·Typical mineral assem-
blages of the granitic pegmatites include quartz, microcline, orthoclase, 
albite-oligoclase, and muscovite. Apatite, lithiophilite, tourmaline 
(indicolite-schorlite), and rare beryl are associated minerals. 
Cassiterite is the principal economic mineral in the Tinton dis-
trict and columbite-tantalite, spodumene, amblygonite, and feldspar are 
potential by-products of tin mining. Renewed interest of localized small-
scale mining operations is developing as the market value of tin continues 
to increase. 
PALEOZOIC SEDIMENTARY ROCKS 
Stratigraphy 
The Tinton district is discontinuously bounded on the north, east, 
and south by domed Lower Paleozoic strata which dip radially outward from 
a structural center near Tinton, South Dakota. At isolated exposures 
within the peripheral outcrop areas, Paleozoic strata rest nonconformably 
on Precambrian schists and sills of Cenozoic quartz-bearing latite por-
phyry (Plate 1). Paleozoic strata in the mapped area include the Dead-
wood and Whitewood Formations. The intervening Winnipeg Formation, found 
in other parts of the northern Black Hills, was not observed in the Tin-
ton district. 
The Deadwood Formation was named by Darton (1901) who designated 
the type section at Whitewood Creek, north of Deadwood, South Dakota. 
Furnish and others (1936) assigned a Late Cambrian to Early Ordovician 
age to the Deadwood Formation on the basis of the faunal assemblage at 
the type section. Carlson (1960) correlated strata representing the 
Deadwood Formation in the Williston Basin area and the Black Hills region. 
Kulik (1965) divided the Deadwood Formation into the Dark Canyon Member, 
Boxelder Shale. and Red Gate Member. The Dark Canyon Member contains 
basal conglomerate, predominant massive and cross-bedded buff sandstone; 
brachiopod coquina, and interlayered red and green shales, dark green and 
gray glauconitic siltstone, and limestone flat-pebble conglomerate. 'fhe 
middle member, Boxelder Shale, contains abundant interbedded green shale 
1" 
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and siltstone and limestone pebble conglomerate. The Red Gate Member con-
sists of massive and cross-bedded red sandstone units capped by a persis-
tent quartz arenite with abundant Skolithus burrows. 
The Winnipeg Formation was named by Dowling (1895) with the type 
section in the Lake Winnipeg area, Manitoba, Canada. In Manitoba, the 
Winnipeg Formation includes the predominantly sandstone section under-
lying mottled limestone (Red River Formation) and resting nonconformably 
on Precambrian rocks. The name, Winnipeg Formation, has been applied to 
green glauconitic siltstone and shale that occupy the same stratigraphic 
horizon in the Williston Basin and the northern Black Hills (Carlson, 
1960). In the northern Black Hills, 20 m of Winnipeg Formation strata 
rest unconformably on the Deadwood Formation and are conformable with 
the overlying Whitewood Formation (McCoy, 1952). The Winnipeg Formation 
was not observed in the Tinton district. 
The Whitewood Formation was named by Jagger (in Darton 1904) who 
designated the type section at Whitewood Creek, north of Deadwood, South 
Dakota. The Whitewood Formation consists of 25 m of mottled buff and 
brown, dolomitic limestone. It lies in conformable contact with the 
underlying Winnipeg Pormation and the overlying Englewood Formation. 
Smith and Page (1941) mapped the sedimentary rocks of the Tinton 
district as undifferentiated Paleozoic strata although they recognized 
that the Deadwood Formation was the principal stratigraphic unit in the 
area. Berg (1940) and Welch (1974) recognized, but did not map or 
describe the Paleozoic lithostratigraphic units exposed in the Tinton 
district and Kulik's (1965) study did not extend into this area. 
. 
' 
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Field Occurrence 
The most extensive exposure of the Deadwood Formation in the Tin-
ton district is along Cement Ridge in the southern half of Sec. 4, TSON, 
R60W and in the southeast corner of Sec. 16, T51N, R60W (Figure 6). At 
the northern base of Cement Ridge, the Dark Canyon Member is exposed in 
a sequence of basal conglomerate, reddish brown quartzitic sandstone, 
coarse-grained white sandstone, and brachiopod coquina that overlies 
Precambrian schists nonconformably. In section 16, a similar sequence 
is overlain by dark green and gray glauconitic siltstone and shale with 
fossiliferous carbonate-rich layers that represent the lower units of 
the Boxelder Shale. Exposure of the Red Gate Member is limited· to small 
outcrops of cross-bedded red sandstones at locality Tl69 (Sec. 20, TSN, 
RlE) and vertically burrowed sandstone at locality TOll in Sec. 32, TSN, 
RIE. 
Mottled buff and brown, fine to medium-grained dolomitic limestone 
of the Whitewood Formation is exposed along the next prominent east-west 
trending ridge to the south of Cement Ridge at locality T098. Outcrops of 
the Winnipeg Formation were not found in the intervening valley between 
these two ridges. The Whitewood Formation is exposed at locality T012 in 
section 32, 20 m south of vertically burrowed sandstone units of the upper-
most Deadwood Formation. The Winnipeg Formation again was either unexposed 
or not present. Green shales of the Icebox Member of the Winnipeg Forma-
tion are a persistent lithologic unit in the northern Black Hills, commonly 
10 to 14 m thick (Kulik, 1965). Based on field relations at locality TOll, 
the thickness of the Icebox Member, if present, does not exceed 4 m. 
Samples TOll and T012 are assigned to the Deadwood and Whitewood 
be be 
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Formations, respectively, and the intervening unexposed interval is prob-
ably occupied by the Winnipeg Formation. Additional sample descriptions 
are included in appendix C. 
' 
CENOZOIC IGNEOUS ROCKS 
Mineral Hill Alkalic Ring Dike Complex 
The Mineral Hill alkalic ring dike complex was emplaced within the 
confines of the Tinton uplife, in the adjacent area to the west of the 
Tinton district. Welch (1974) described the complex: 
The outermost ring is composed of nepheline syenite and closely 
related rocks and is nearly complete, though it varies in width 
of outcrop. Pyroxenite forms an inner ring, but its outcrop 
pattern is irregular .•.• The core area of the complex is 
occupied by feldspathic breccia and has been intruded by vari-
ous late magmas, principally of dioritic composition. Dikes 
apparently related to the alkalic complex are found over a wide 
area and are mostly alkalic lamprophyres and pseudoleucite por-
phyries. The complex is believed to be of miascitic type with 
probable origin in the mantle (Welch, 1974). 
Pyroxenite and nepheline syenite are present in minor quantities 
on the western edge of the Tinton district near Welcome, Wyoming. The 
eastern margin of the main pyroxenite ring dike is exposed in Sec. 33, 
T51N, R60W and is locally brecciated with nepheline syenite comprising 
the matrix (locality Tl40). In Sec. 28, T51N, R60W a long linear dike 
of pyroxenite is exposed along Roena Gulch and represents an apophysis 
of the main ring dike. Pyroxenite (T138) has a hypidiomorphic granular 
texture with medium-grained (4 X 2 mm) subhedral diopside comprising 76% 
of the rock. Magnetite (9%) and euhedral apatite (6%) both occur as 
fine-grained (1 X 0.5 mm) crystals. Medium-grained, reddish-brown 
biotite (4%) poikiloblastically encloses pyroxene and apatite crystals. 
Nepheline (3%) occurs as interstitial anhedral crystals that are par-
tially replaced by zeolites (2%). 
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Nepheline syenite occurs in an outer ring dike in contact with 
pyroxenlt<' (Tl 111) and '"' a narrow dike in schist (Tl37) in section 33. 
Discrete pha.:;es of nepheline syenite c-an be distinguished by grain size 
(fin,· and medium) ;ind pt>rC't'•nL1ge r,f nufic cnnst·"lr·,u•nrs. Nt•pl11'I intl svc•-
nlte ls divided into light foidal syenite and dark foidal syenite with a 
threshold of 15% mafic constituents as suggested by Welch (1974). 
Dark foidal syenite (Tl34) has a hypidiomorphic inequigranular 
texture with sanidine,, nepheline., melanite, and aegirine-augite compris-
ing the major constituents (table 2). Sanidine occurs as medium-grained 
suhhedral crystals and in interstitial patches. It is biaxial negative 
with an optic angle varying from 20° to 35°, exhibits Carlsbad twinning, 
an<l constitutes J8% of the rock. Nepheline occurs in medium-grained 
(1.8 X J.8 mm) st1hhedral crystals of hexagonal and rectangular outline 
and comprises 19% of the rock. Patches of brownish microcrystalline 
material of low birefringence (hauyne-noselite?) pseudomorphously 
replaces nepheline and comprises 18% of the rock. Melanite (13%) ,occurs 
in fine-grained (0.5 mm) zoned euhedral crystals. Aegirine-augite (8%) 
is fine-grained (0.3 X 0.5 mm) with the following pleochroism: X = 
pale yellow, Y = pale green, Z :::. green.. Biotite, m~gnetite, sphene, 
and apatite are common associates. Pyrite partially replaces magne-
tite. Chemical analyses of dark foidal syenite (Tl34) and light foidal 
syenite (Tl37) are included in appendix C. 
Intrusive Breccia 
A large mass of intrusive breccia (Parsons, 1968) occurs along the 
north side of Mallory Gulch, west of Tinton (Plate 1). The breccia con-
tains a mixture of pebble-size fragments of diverse lithology set in a 
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TABLE 2 
MODAL MINERALOGY OF MINERAL HILL AI.KAI.IC RING DIKE ROCKS 
SAMPLE NUMBER Tl37 Tl34 
Nepheline 25 19 
K-Feldspar 55 38 
Aegirine-augite 2 8 
Melanite 3 13 
Biotite 2 2 
Hauyne-noselite? 11 18 
Diopside 
Magnetite 1 2 
Pyrite 
Sphene 
Apatite 
Calcite 
Epidote 
Zeolite 
Light foidal syenite (T137); dark foidal syenite (T134}; 
pyroxenite (Tl38). -- less than 1% (500 counts/section 
Tl38 
3 
4 
76 
9 
6 
2 
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dark gray to brownish aphanitic matrix (Figure 7). Smith and Page (1941) 
noted a breccia dike crosscutting schist and porphyry at Tinton. Cobble 
breccia occurs in a central mass in the core of the Mineral Hill alkalic 
ring dike complex. The cobble breccia contains alkalic rock fragments in 
a matrix similar to lamprophyre in texture and mineralogy (Welch, 1974). 
The Mallory Gulch breccia contains well mixed and locally derived 
fragments of pegmatite, schist, lamprophyre, quartz latite porphyry, and 
Deadwood Formation ranging in size from 0.5 to 4 cm. Fragments of pro-
pylitized and sericitized porphyry occur with unaltered porphyry in the 
same breccia sample (Tl45). Schist occurs as fragments largely replaced 
by pyrite and as unaltered ones. Individual fragments are commonly frac-
tured and only slightly displaced. Propylitic alteration minerals and 
pyrite are concentrated along small-scale fractures. These observations 
suggest that the emplacement of the intrusive breccia was either syn-
chronous with a hydrothermal alteration event or occurred between two 
distinct alteration episodes. 
Lamprophyre Dikes 
Field Occurrence 
Lamprophyre dikes are numerous in the Tinton district but are 
rather insignificant volwnetrically. They crosscut virtually every other 
rock type. Common intrusive passages include joint systems in competent 
rockS 7 contact zones between older dikes and host rocks~ and cleavages 
parallel to foliation in schists. The lamprophyre dikes are difficult 
to trace in the field from any distance greater than 100 m. The width 
of outcrop varies from veinlets in an intercalated zone to 8 mat local-
ity T053 to a maximum of 18 mat locality T063 in Bear Gulch. The 
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Fig. 7. Photomicrograph of intrusive breccia T145. Schist and 
pegmatite fragments in a dark brownish-green cryptocrystalline matrix 
with a weakly developed flow structure. Opaque mineral is pyrite. 
Vertical field of view (10 cm) and crossed polars. 
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overall average width is less than 1 m. 
Lamprophyres intruded into schist may be concordant or discordant. 
Concordant intrusion commonly involves intercalation of lamprophyre and 
schist as is evident at locality T035. An initially concordant intrusion 
may become discordant upon contact with a more competent dike rock such 
as an amphibolite or pegmatite. At locality Tl24 a lamprophyre dike 
bifurcates upon contact with a pegmatitic abutment. Lamprophyre dikes 
are commonly in contact with amphibolites as at localities T044, T093, 
and TllO. Field relations at locality T021 illustrate discordant intru-
sion along a N 15° W trending fault in schist. Intrusion of lamprophyre 
into quartz latite prophyry has usually followed either along joint sets 
or along the contact between porphyry and host. At locality T084, lampro-
phyre follows a N 60° E trending joint for 25 m before abruptly changing 
to N 45° W along another joint. 
Petrography 
The lamprophyres are dark gray, dark greenish-gray to very dark 
gray aphanitic dike rocks with a pronounced porphyritic texture. Pre-
dominant fine-grained pyroxene phenocrysts, lesser medium-grained pyro-
xene phenocrysts, biotite, and opaque minerals are the major constituents. 
Rare coarse-grained phenocrysts of biotite, scattered ovoid patches, and 
a peculiar mottling of weathered surfaces tend to disrupt the dominant 
massive nature of the lamprophyres. Xenoliths are rare. 
The lamprophyres of the Tinton district are characterized by a 
panidiomorphic or lamprophyric texture with predominant euhedral clino-
pyroxene phenocrysts set in an aphanitic to hypocrystalline matrix 
(Figure 8). Other lamprophyres exhibit a fine-grained equigranular 
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Fig. S. Photomicrograph of lamprophyTe T076. Panidiomorphic tex-
ture with two generations of salite phenocrysts, fine grains of titaniferous 
magnetite, biotite, rutile, and an analcime-rich matrix. Vertical field of 
view (1 mm) and plane polarized light. 
e.x -
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texture. Occasionally, a well defined flow texture is developed parallel 
to the confining walls of the intrusion passageway. Lamprophyres rarely 
exhibit flow bands. 
Modal mineralogy of three lamprophyres presented in table 3 
illustrates that clinopyroxene represents the major phase ranging from 
50-60%. The phenocrysts can be subdivided into t.ro generations based 
on average grain size. The first generation is medium to fine-grained 
(1. 2 X 0. 6 mm) and constitutes 7-19% of the rock. The second generation 
is fine-grained (0.2 X 0.1 mm) and ranges from 37-42%. Rarely, altered 
first generation phenocrysts host secondary magnetite, analcime, and 
calcite in replaced cores. 
The clinopyroxene phase includes predominant diopside and lesser 
augite. It is biaxial positive with an optic angle of approximately 
50-60°. The crystals exhibit both (100) and polysyntbetic (001) twinning. 
Indices of refraction of clinopyroxene from sample T060 are: alpha~ 1. 71, 
beta2 1.72, gamma~ 1.74. First generation phenocrysts are occasionally 
zoned from repeated green to yellow-green pleochroism in the core to 
colorless along the margins which indicates reverse zoning with higher 
iron content in the core. Optical distinction of diopside from augite 
was based on the mutually interdependent orientation of X and the average 
extinction angle with respect to the (010) cleavage (Kerr, 1959, p. 303). 
The extinction angle (XAc) measured in three thin-sections on a total of 
thirty grains averaged 41° and varied from 37° to 51°, This indicates 
dominant diopside and minor augite. 
Clinopyroxene x-ray diffraction data.for samples T021, T076, and 
T079 and the published data for diopside and Al augite from Borg and Smith 
(1969) were compared. Peak values were intermediate between Borg and 
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TABLE 3 
MODAL MINERALOGY OF LAMPROPHYRES 
SAMPLE NUMllER T006 T060 T076 
Clinopyroxene 
First generation 18.6 7.6 12.5 
Second generation 39.0 42.0 37.2 
Opaque minerals 13.6 13.2 13.8 
Biotite 4.8 5.8 
Analcime 16.3 15.6 20.8 
Thompsonite 13. 2 10.7 
Matrix undifferentiated 11.0 
Calcite 2.0 1.6 1.4 
Apatite 
Zircon 
-- less than 1% (500 counts/section) 
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Smith's (1969) data, suggesting that the clinopyroxene is best described 
as diopsidic augite. 
Table 4 gives the results of an electron microprobe chemical 
analysis of clinopyroxenes from lamprophyre T060 (B-E). Pyroxenite sample 
Tl38 is described on page 24 and is included as analysis (A) for compari-
son. Analyses B through Dare points on an evenly spaced traverse from 
the core to the margin in a first generation zoned clinopyroxene phenocryst. 
Analysis E represents a second generation phenocryst from the same thin-
section. The Ca-Mg-Fe cation plot of Poldervaart and Hess (1951, p. 474) 
in Figure 9 shows that all the clinopyroxenes.fall within the compositional 
field of salite in the diopside-hedenbergite series. 
Chemical variation of the five salite analyses is schematically 
illustrated in Figure 10. The chemical similarity between clinopyroxenes 
from pyroxenite (A) and the lamprophyre (B-D) suggests the possibility 
of a common genesis. Analyses B-D (core to margin) illustrate an increase 
in SiOz and MgO with a corresponding decrease in Fe203 + FeO, A1203, and 
TiOz. The dashed line between analyses of the margin (D) and the second 
generation salite (E) indicates a potential differentiation trend of the 
evolving magma. 
The matrix of the lamprophyres comprises 27-32% of the rock 
(table 3) and is commonly composed of anhedral patches of analcime (15-21%) 
and radiating columnar aggregates of thompsonite (10-13%). Thompsonite 
is concentrated in 6-8 mm ovoid patches separated by larger areas that 
contain interstitial analcime. The composition of the original matrix 
may have been largely hypocrystalline feldspar or nepheline. Remnant 
anhedral patches of K-feldspar and plagioclase (biaxial+, 2V = 80°)are 
rare. X-ray diffraction analyses of samples T021, T076, and T079 indicate 
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TABLE 4 
CHEMICAL ANALYSES OF CLINOPYROXENE PllENOCRYSTS 
A B C D E 
Si02 47.29 48.43 48.70 49.63 44.08 
AlJi03 5. 63 5 .16 4.81 3.76 9.65 
FeO 9.57 9.03 8.89 8.67 11.89 
MgO 11.84 12.25 12.20 13.39 8.73 
MnO .17 .00 .34 .26 .36 
TiO l. 74 l.42 1.25 .98 2.60 
CaO 22.33 22.55 22.52 22.38 21.09 
Naz() • 97 .55 .68 ,52 1.02 
KzO .oo .07 .11 .07 .13 
P,!05 .18 .25 .29 .09 .29 
S03 • 23 • 22 • 16 .12 .00 
ca 48.4 48.4 48. 6 46.9 49. 7 
Mg 35.6 36.6 36.6 39.0 28.6 
Fe 16.0 15.0 14.8 14.1 21. 7 
Sample key: A; salite phenocryst from pyroxenite Tl38; B-D; salite 
phenocryst from lamprophyre T060, core to rim; E; salite 
second generation phenocryst from lamprophyre T060. 
Chemical analyses from electron microprobe (Appendix E ), 
Fig. 9. Pyroxene ternary plot of Poldervaart and Ress (1951). 
Variation of salite (diopside-hedenbergite series) chemistry 
from lamprophyre and pyroxenite analyses given in Table 4. 
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Fig. 10, Schematic comparison of salite chemistry from 
pyroxenite and lamprophyre given in table 4, 
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that K-feldspar is a major constituent bound up in the hypocrystalline 
matrix with subordinant plagioclase. 
Opaque minerals are major constituents of the lamprophyres and 
consistently average 13-14%. Titaniferous magnetite is the common opaque 
mineral and is partially replaced by pyrite in lamprophyres T017 and T024. 
Titaniferous biotite may be present in fine grains averaging up 
to 6%, medium-grained euhedral phenocrysts, or may be entirely lacking. 
Euhedral apatite crystals and fine microlites of rutile are common acces-
sory miner~ls. Zircon is rare. Xenoliths of hypidiomorphic granular 
pyroxenite are also rare. 
Chemistry and Classification 
The melanocratic rocks of the Tinton district are classified as 
lamprophyres on the basis of criteria outlined by Rock (1977, p. 160). 
Tinton lamprophyres are further classified as alkaline based on their 
mineralogy, bulk chemistry, and normative mineralogy (Rock, 1977, p. 134). 
Chemical analyses and normative mineralogy of three lamprophyres are pre-
sented in table 5. Subdivisions of the feldspar-bearing lamprophyre group 
(alkaline) is determined by predominant plagioclase (camptonite) or K-feld-
spar (sannaite). Sample T021 contains dominant K-feldspar and is classi-
fied as sannaite. Despite the mildly potassic nature of sample T079, it 
is stlll well within the Si02 range of alkaline lamprophyres (40-45%) as 
opposed to shoshonitic (K '! Na) lamprophyres (ca. 53%). Sample T144 is 
uniquely low in Si02, Al203, and Na2o, enriched in K20, and contains 8.5% 
CO2 (sample.violently hoiled on ignition to 850° C). This sample has a 
unique texture, is highly altered, and is associated in the field with 
intrusive breccia. Its unusual chemistry is believed to have been 
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TABLE 5 
CHEMICAL COMPOSITION AND NORMATIVE MINERALOGY OF LAMPROPHYRE 
----··-· A B C D E F 
:;:_ Si02 46.0 45.5 43.2 42.9 44.7 42.9 
Al203 14. 4 15.3 12.3 14.8 14.4 12.4 
Fe 2o3 3.3 3.3 3.4 4.6 4.5 10.2 
FeO 8.5 9.6 l l. 3 7.4 7,2 5.2 
MgO 4.5 4.7 4.8 6.7 7.0 5.8 
Cao 12.7 10.5 12.6 10.2 9.5 13. 1 
"'.;l 
' NazO 4.2 3.4 l. 0 3.4 3.0 2.1 
K20 3 .. 1 3. 7 7. 6 2.0 1.9 2.3 
Ti02 1. 8 1. 8 1.8 2.8 2.5 1. 3 
P205 1.4 l. 3 l. 7 0.7 1.4 
Mno o. 2 0.2 0.3 0.3 
S03 0.1 0.2 o. 7 0.1 
COz 8.5 2.4 l. 6 
OR 18.1 22.0 41.2 12.2 11. 7 13.9 AB 4.0 6. l 3.6 23.2 24.9 13.1 AN 11. 7 16.2 19.6 20.9 18.8 .. cc 17.1 5.S 3.7 NE 16.7 l l.8 3.4 0.8 2.2 DI 34. 9 22.9 9.5 14.0 30.3 OL 3.2 9.6 6.8 12.8 12. 3 0.7 MT 4.5 4.8 4.5 6.9 6.8 14. 1 IL 3.4 3.3 3.0 5.3 4.9 2.6 AP 3.2 3.1 3.6 1. 7 3.3 TH 0.2 0.3 1.1 0.3 
S<1mple Key: A; sannaite (T021); B; sannaite (T079); C; altered lamprophyre (Tl44); D; average camptonite (Rock 1977); E; average camptonite (Metais and Chayes 1963); F• augite-,vogesite (Darton and Smith 1905). 
* Normative mineralogy computed after normalizing analyses to 100% 
Chemical analysis by x-ray fluorescence 
Analytical procedures for chemistry determination in appendix E. 
40 
influenced by late stage hydrothermal alteration. 
Chemical analyses of average camptonites (including sannaite) 
from Metais and Chayes (1963, p. 157) and Rock (1977, p. 147) are included 
in table 5 for comparison. Notable K20 and Si02 enrichment and TiOz and 
MgO depletion characterize the Tinton lamprophyres with respect to the 
average camptonites. The depletion of MgO and TiOz may be explained by 
their relatively lower percentages in the analyzed salite phenocrysts of 
the Tinton lamprophyres compared with the average camptonitic clinopyroxene 
phase (Rock, 1977, p. 151). Chemical analysis of a nepheline-bearing 
augite-vogesite from Darton and Smith (1905, p. 7) is also mildly potassic. 
Preliminary results indicate that the lamprophyres of the Tinton 
district are genetically associated with the Mineral Hill pyroxenite. 
Both rocks contain between 60 to 80% clinopyroxene phenocrysts of nearly 
indistinguishable chemistry and varying proportions of associated minerals 
(nepheline, apatite, analcime, magnetite, and biotite). Gradational tex-
tures were observed between medium-grained equigranular pyroxenite and 
fine-grained porphyritic lamprophyres. The lamprophyres may represent a 
volatile rich fraction of pyroxenite magma. 
Tinton Quartz-B~aring Latite Porp-12Y.EY 
Field Occurrence 
There has been considerable debate on the mechanisms that produced 
doming of strata in numerous isolated areas in the northern Black Hills 
and the geometry of the underlying igneous rock masses. The emplacement 
of laccoliths was envisioned by Darton (1905, p. 10) to account for the 
uplift of domes in the Sundance quadrangle. Noble and others (1949) 
ascribed the main doming to stock intrusion with minimal contribution by 
41 
lateral migration parallel to bedding planes. Rock exposures in the 
deeply incised Tinton dome provide insight to this perplexing problem. 
The outcrop pattern of the Tinton porphyry can be divided into 
a marginal zone and a central zone based on geometrical relations with 
confining rock units. The marginal zone occurs as a segmented arcuate 
ring of prominent vertical exposures in excess of 70 m with associated 
columnar jointing. The central zone is occupied by long linear high 
angle sills intruded concordantly into the host Precambrian metamcrphic 
rocks. 
The marginal zone is here defined as the area of extensive masses 
of quartz-bearing latite porphyry with prominent vertical exposures and 
columnar jointing {Figure 11). This zone extends form the north at 
Seventy Flats, eastward to the Needles, curves south to Old Baldy Mountain 
and bends west~ard around to Cement Ridge {Plate 1). The following verti-
cal exposures suggest an approximate thickness of the porphyry in the mar-
ginal zone: locality TlOl (66 m), T007 {85 m), Tl58 (66 m), T096 (72 m). 
Columnar jointing is moderately developed along the northeastern half of 
the arcuate ring (localities; T086, T094, T096, Tl58) but was not observed 
in the southeastern half. The joints may be hidden or different depths 
of intrusion may have inhibited their formation. The foliation of the 
porphyry in the marginal zone has a persistent vertical component that 
suggests predominant vertical emplacement. At locality TOB7, on the outer 
fringe of the marginal zone, the porphyry migrated laterally to form a sill 
localized at or near the base of the Deadwood Formation. 
The ~entral zone is characterized by NNW trending high angle sills 
of porphyry roughly concordant with the schistosity. The sills were intruded 
along schistosity planes, pathways delineated by Precambrian pegmatites, 
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Fig. 11. Photograph of columnar joints in the Tinton porphyry. 
Columnar joints developed in quartz-bearing latite porphyry at locality 
T158 (Plate 1). This 66 m exposure is located in the eastern periphery 
of the Tinton district on Beaver Creek. 
;y 
y 
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and occasionally along fracture planes. The sills are variable in width 
from less than a metre to more than 100 m and few are traceable for over 
a kilometre in length. Approximately 15% of the surface area in the 
central zone is occupied by porphyry. Evidence for horizontal sills in 
the central zone is less compelling. On the eastern edge, isolated out-
liers of Deadwood Formation are presumably in place. In Sec. 7, TSN, RlE, 
an outlier is surrounded by porphyry which may be part of a relic sub-
horizontal sill. Angular pebble-size schistose xenoliths, comprising as 
much as five volume percent of the porphyry, are exposed in a belt delin-
eated by sample localities (T009, TOlS, T016, T017, Plate 1) illustrating 
proximity to schistose basement at depth. 
Emplacement Mechanism 
The mechanism that produced doming of strata in the Tinton district 
must account for the noticeable uplift of the Precambrian rocks. The pre-
sent relief of the Precambrian rocks exceeds 250 m with exposures at locali-
ties Tl20 (5400') and Tl02 (6200'). It is inconceivable that a laccolith, 
with an assumed near-horizontal base, could exist in the subsurface 
within nearly vertical foliated schists (Shapiro and Gries, 1970, p. 21). 
Therefore, the pronounced doming of Precambrian strata in the Tinton dis-
trict is attributed to the emplacement of a stock-like mass at depth, a 
conclusion also reached by Noble and others (1949, p. 339). 
If a laccolith existed in the Tinton district, a floor for the 
intrusive mass would probably be the nonconformity or some higher horizon 
within the Paleozoic section. Since the present erosional surface is 
largely below the nonconformity, most traces of the hypothetical laccolith 
have been eliminated. The following lines of evidence suggest that the 
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postulation of a laccolith is unwarranted. 
Figure 12a and 12b illustrate two possible pre-erosional recon-
structions with an exaggerated void between the current erosional sur-
face and the projected base of the Deadwood Formation. The void is 
occupied by a laccolith in Figure 12a and by an extension of Precambrian 
strata as depicted in Figure 12b. Schist is more susceptible to weather-
ing than the Tinton porphyry as exemplified by the association of schistose 
valleys in Sec. 33, T.51N, R60W contrasted with the porphyry prominences so 
common on the margin of the study area. If the void had hosted substan-
tial thicknesses of porphyry, remnants would be expected in the core, but 
are not found. In addition, the widespread occurrence of Deadwood Forma-
tion outliers in the eastern half of the district suggests that the pre-
sent erosional surface is proximal to the nonconformity; that is, the 
void was probably insignificant. A laccolith is presumed to have been 
fed from a centralized conduit beneath its thickest point. The outcrop 
pattern of numerous high angle sills with parting screens of schist 
throughout the exposed core of the Tinton dome is not a convincing argu-
ment for a centralized conduit. These relations indicate that the 
laccolith hypothesis is untenable. 
An emplacement model for the Tinton porphyry must explain the 
localization of the largest masses around the northern, eastern, and 
southern periphery. The foliation of these masses, with a predominant 
vertical component, suggests vertical emplacement from below rather than 
lateral migration from interior sills. These masses project above the 
lower Deadwood Formation at locality T096 and are in contact with the 
upper Deadwood Formation at locality Tl02. Thus it appears likely that 
an arcuate fault system controlled the localization of the porphyry along 
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Fig. 12. Croas-section of Tinton district comparing laccolith 
stock, and proposed models. ' 
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a) Laccolith model 
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Magma is fed through a centralized conduit and spreads laterally to 
form a laccolith. Although evidence of sills localized at the uncon-
formity exists, the overall outcrop pattern discredits this model. 
b) Stock model 
-· _, - -- -- - --
Intrusion of stock at depth initiates uplift of Precambrian strata. 
Magma migrates along foliation planes in schist to form a series of 
vertical sills ~ith parting screens of schist. 
c) Proposed model 
Vertical sills of porphyry coalesce at depth into a stock that up-
lifted the Precambrian strata. Nonconformity proves an effective 
barrier to intruding magma as it finds vertical access through a 
series of fractures in the overlying Paleozoic strata. 
) 
48 
the margin as depicted in Figure 12c. A peripheral arcuate fault system 
is a predicted response to an upwelling stock-like mass (Balk, 1937). 
The,indurated sandstone of the Deadwood Formation would fracture in 
response to stress before less competent schist. Some domes in the 
northern Black Hills with no Precambrian rocks exposed are bound on one, 
two, or even three sides by faulted Paleozoic strata (Noble and others, 
1949, p. 340). In conclusion, the large masses of marginal porphyry are 
believed to represent concentrations due to an areuate fault system rather 
than peripheral remnants of a laccolith. 
Classification 
The Tinton porphyry possesses an aphanitic to fine-grained matrix 
with a trachytic to pilotaxitic texture and is a hypabyssal intrusive 
rock. Contemporary classifications eliminate this category by broaden-
ing the volcanic group {Carmichael and others, 1974, p. 10) or the plutonic 
group (Streckeisen, 1967, p. 174) to include the hypabyssal rocks. Smith 
and Page {1941) and Berg (1940) designated the porphyritic rocks of the 
Tinton district as monzonite-syenite porphyries. The scheme proposed by 
Carmichael and others {1974) is followed in this report because of the 
predominance of volcanic textures and the grain size of the matrix. 
Welch (1974) also classified the Tinton porphyry within the volcanic 
group {alkalic trachyte porphyry). 
Table 6 illustrates a comparison of four classification schemes 
as applied to the Tinton Porphyry. The most complex classification 
{Irving and Baragar, 1971) involves distinction between tholeiitic versus 
calc-alkaline and subalkaline versus alkaline affinities. In this classi-
fication, the Tinton series is decisively calc-alkaline but straddles the 
dividing line between the alkaline and subalkaline groups. The variety of 
TABLE 6 
CLASSIFICATION OF THE TINTON PORPHYRY 
SAMPLE Streckeisen O'Conner Mueller/Saxena Irving/Baragar 
1967 1965 1977 1971 
I032 quartz latite rhyodacite rhyodadte dacite 
T037 quartz trachyte rhyolite rhyodacite trachyte 
T049 latite doreite tristanite 
T096 quartz latite rhyodacite rhyodacite dacite 
Tl02 quartz latite rhyodacite rhyodacite dacite 
Tlll quartz latite doreite dacite/tristanite 
Tl28 latite doreite trachybasalt 
"' 
"" 
Tl30 quartz latite doreite t rachybasalt 
Tl4] *quartz latite rhyolite rhyodacite rhyolite 
Tl'i2 quartz latite quartz keratophyre rhyodacite tristanite 
T155 quartz trachyte doreite trachyte/rhyolite 
Tl65 quartz trachyte doreite tristanite 
* Contains greater than 20% normative quartz; all remaining rocks in the Streckeisen 
classification with quartz modifier contain between 5-20% normative quartz and are 
quartz-bearing latites or quartz-bearing trachytes. 
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names in column D (Table 6) reflects an alkaline affinity (tristanite-
trachyte) or a subalkaline affinity (andesite-dacite-rhyolite). The 
classification of Mueller and Saxena (1977, p. 53) is a normative classi-
fication that compares (100 Or/ Ab+ An+ Or) and Q% percent. The clas-
sification of O'Connor (1965) utilizes a ternary plot of normative Or, 
Ab, and An but is applicable only to rocks that carry > 10% Qz (normative). 
The blanks in column B carry less than 10% normative Q~ and illustrate 
the problem of applying this classification with the Tinton series. 
The classification adopted in this report (Streckeisen, 1967), 
a ternary plot of alkali feldspar (Or+ Ab), plagioclase feldspar 
(An5-100), and quartz, is one of the most widely used and is particularly 
applicable to distinguish the Tinton series. The quartz content dis-
tinguishes latite (0-5%), quartz-bearing latite (5-20%), and quartz 
latite (20-45%). In this classification, quartz latite is equivalent to 
rhyodacite. 
Petrography and Chemistry 
The most abundant igneous rock in the Tinton district is quartz-
bearing latite porphyry. It is characterized by an aphanitic holocrystal-
line matrix with phenocrysts of plagioclase, lesser phenocrysts of horn-
blende and biotite, and rare phenocrysts of aegirine-augite (Figure 13). 
Xenoliths of quartzite> schist, and garnetiferous schist occur at isolated 
outcrops. Individual petrographic descriptions are included in appendix D. 
The color of the matrix varies from light and medium gray to pas-
tel shades of lavender and pink. Altered varieties are buff and greenish-
gray. The chief constituent of the matrix is lath-shaped crystals of 
orthoclase arranged in either a trachytic or pilotaxitic texture. The 
(' 
; j 
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Fig. 13. Photomicrograph of quartz-bearing latite porphyry T096. 
Euhedral phenocrysts of andesine (An)Q-38) with Carlsbad and polysynthetic 
twins arranged in glomerophyric clusters. Orthoclase-rich matrix exhibits 
a pilotaxitic texture. Note rounded grains of unaltered hornblende. 
Microprobe chemical analyses of hornblende and the feldspars are included 
in appendix Band table 9 respectively, Vertical field of view (6 mm) and 
crossed polars. 
I 
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orthociase crystals range in size from (.04 X .13 mm) and commonly 
exhibit Carlsbad twinning. Compositional variation in matrix orthoclase 
computed by unit cell volume is illustrated in table 7. Quartz occurs 
in interstitial patches. 
Plagioclase phenocrysts are typically 2 to 3 mm long and occur 
either as isolated grains or glomerophyric clusters that take on coarse-
grained dimensions. Their color is usually white to buff, but pink and 
light green crystals also occur. Modiv mineralogy of fourteen porphyry 
samples is presented in table 8. The modal percent of plagioclase 
phenocrysts varies from 21.2 to 42% based on 500 counts per sample. 
Examples of resorbed margins and albite, pericline, Carlsbad and Baveno 
twins are common. 
Composition of the plagioclase feldspar phenocrysts presented in 
table 7 ranges from albite to andesine (Ans_44). Nonnal compositional 
zoning usually spans 8-12 An% in individual crystals. Microprobe analysis 
of a zoned andesine-oligoclase phenocryst from sample T096 given in 
Table 9 illustrates compositional zoning from the core (An3a) to the rim 
(An30) with at least one interval of reverse zoning near the margin. 
Plagioclase phenocrysts rarely have resorbed.margins and mantles of 
orthoclase4 Orthoclase is biaxial negative with an optic angle of~ 60°. 
Samples of Tl55 and Tl65 have a 0.03 mm mantle and sample 1'037 exhibits 
a 0.3 mm mantle as illustrated in Figure 14. Chemical analyses of 
plagioclase host and the orthoclase mantle from sample T037 are included 
in table 9. 
Selected feldspars were chemically analyzed to establish the frac-
tionation trend and crystallization history of the Tinton Porphyry. The 
chemical compositions of a zoned andesine-oligoclase phenocryst from 
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TABLE 7 
COMPOSITION OF TINTON PO!!J:'HYRY FELDSPARS AS DETERMINED 
BY X-RAY DIFFRACTION AND OPTICAL TECHNIQUES 
---·--------
SAMPLE 
!141 
Tlll 
T049 
T037 
Tl65 
Tl02 
Tl30 
T032 
Tl52 
Tl55 
T096 
MATRIX ORTHOCLASE 
Cell volume 
719.58 
718. 58 
717.86 
717. 38 
717.01 
716. 70 
716. 61 
715.04 
713.92 
713.39 
711. 48 
OR% 
90.38 
87. 72 
85.86 
84.57 
83.70 
82. 95 
82.73 
78.97 
76. 38 
75.19 
71.07 
PLAGIOCLASE PHENOCRYSTS 
Michel-Levy Whole rock norm 
26-32 
18 
*12-18 
10 
24-28 
30-44 
26-40 
24-36 
12 
*30-38 
18 
17 
21 
5 
8 
27 
29 
28 
16 
8 
27 
------·--------------
Cell volume computed from least squares refinement program of 
Appleman and Evans (1973). 
K-feldspar composition calculated from the equation of Stewart 
and Wright in (Stewart, 1975, p. st-8): 
OR (mole percent)+ 3 OR% ]0.2962 - 0.953131 - .0013V) 
0.0018062 
Plagioclase composition computed from Michel-Levy method in Kerr 
(1959, p.258) and calculated from whole rock normative mineralogy 
An%= average value. 
* Composition determined from electron microprobe. 
TABLE 8 
MODAL MINERALOGY OF TINTON QUARTZ-BEARING LATITE/TRACHYTE PORPHYRY 
Sample number T032 T037 T049 T096 Tl02 Tlll Tl23 Tl28 Tl30 Tl41 Tl52 Tl55 T165 T222 
Matrix 55.4 55.4 48.0 53. 0 44.2 52.6 47 .2 47.6 51.0 68.4 64.4 47 .o 50.8 59.5 
Plagioclase 29.6 42.0 38.4 40.4 35.4 39.4 27 .4 21. 2 21.2 24.8 22.8 41.2 33.2 29. 1 
Amphibole 10. 2A LOA 7.4 3.6 11.8A 6.0A 20.0A 25.8A 20,6A 6.6A 7.8A 4.0A 9,2A 6.8 
Aegirine-auglte 4.0 
Opaque minerals 2.8 1.2 2.4 1. 2 4.4 1.6 1. 2 6.2 3.0 2.0 1.2 1.6 2,4 1.6 
Biotite 
-- -- -- -- -- --
4.3 8.2* 1. 4* -- 2.2 --* --* V, 
<.n 
Apatite 
Sphene 
--
~-
Quartz** 2.2 
--
4.2 
--
2.8 3.0 -- 2.6 
Epidote* 2.0 3.0 9.2 4.0 
Chlorite* 6.0 3.2 6.3 8,6 
--
1.0 1.0 l. 8 
Calcite* 2.8 3.8 --
--
2.2 
--
3.0 
Hematite* 6.2 1.0 6.0 
A= Altered *=Secondary ** = Xenolithic -- = less than 1% (500 counts/section) 
' 
'"' 
, 
TABLE 9 
MICROPROBE CHEMICAL ANALYSES OF TINTON PORPHYRY FELDSPARS 
OXIDE 1 2 3 4 5 6 7 8 9 to 
Si02 59.38 59.24 61.22 60.88 65.06 65.55 65.87 65.69 74.46 68.27 
Al203 25.87 25.71 24,41 24.46 21.08 20.90 18.93 18.90 13.94 17.46 
Na 2o 6.33 6.91 7,24 7. 34 8.83 9.38 4.65 4.78 3.88 6.56 
K20 0.45 0.52 0.66 0.58 1. 92 1.25 9.67 9.47 4.86 5.89 
Cao 7.42 7. 27 5.85 6.09 2.28 1. 87 0.39 0.29 1.14 0. 30 
MgO 0.15 0 .15 0.30 0.25 0.22 0.23 0.00 0.13 0.38 0.23 
FeO 0.34 o. 14 0.16 0.25 0.23 0,30 0.13 0.16 0.85 0.83 
TiOz 0.00 o.oo o.oo o.oo 0.14 0.05 0.19 0.40 0.12 0 .11 
Analyses numbers correspond to numerals in Figure 14: Analyses l-4; Plagioclase phenocryst T096 
(core to margin); Analyses 5-6: Plagioclase phenocryst T037 (core to margin); Analyses 7-8; 
Orthoclase mantle on plagioclase phenocryst T037: Analysis 9: Matrix T096 (average of two anal-
yses); Analysis 10; Matrix T037 (average of two analyses). 
u, 
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Fig. 14. Photomicrograph of quartz-bearing trachyte porphyry T037. 
Compositionally zoned plagioclase (An12-1s) phenocryst lid.th a 0.3 mm mantle 
of orchoclase eet in an orthoclase-rich matrix with a well defined trachytic 
texture. Microprobe chemical analyses of these feldspars are included in 
table 9. Vertical field of view (3 mm) and crossed polars, 
T03 7 . 
Fntle 
~chyt ic 
I in 
58 
59 
quartz latite (T096) and a zoned oligoclase-albite phenocryst from quartz 
trachyte (T037) are plotted on a ternary diagram in Figure 15. The 
plagioclase fractionation path becomes more sodic (A-B) and then more 
potassic until it nearly intersects the anorthoclase field (C). The 
increase in potassium solid solution may be the result of a slower cool-
ing rate, decompression, or the crystallization of K-feldspar in equili-
brium with plagioclase (Carmichael and others, 1974, p. 223). At this 
point, the composition abruptly shifts toward the sodium apex (D) and 
the crystal then becomes mantled by orthoclase of composition (E). The 
compositions of the matrices of samples T096 and T037 (F,G) are presumed 
to approximate the compositions of their respective residual liquid frac-
tions. 
The feldspar crystallization sequence (A-G) may be explained by 
consideration of the extensive variables, PH2o and temperature individ-
ually or in combination, An appropriate PHzO increase would effectively 
reduce the amount of potassium in solid solution (C-D) by lowering the 
liquidus (Ehlers, 1972, p. 177-181). Continued pressure buildup wi.thin 
the magma chamber could depress the liquidus even further, initiate dis-
equilibrium, and promote resorption of plagioclase (D). Tf the HzO pres-
sure exceeded the lithostatic pressure~ the subsequent pressure release 
would raise the liquidus and permit crystallization of K-feldspar (E), 
perhaps during emplacement of the sills. The localization of porphyry 
with mantled phenocrysts in areas of advanced rock alteration strengthens 
the premise that elevated H20 pressures affected the feldspar crystalli-
zation history~ Alternatively, variation in cooling rate can account 
for the crystallization sequence. An abrupt drop in temperature would 
i 
NaA1Si30s 
Fig. 15. Feldspar crystallization sequence. 
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A-B; plagioclase phenocrysts (T096) core to margin; C-d; plagioclase phenocryst (T037) 
core to margin; E; orthoclase mantle (T037); F; matrix (T096); G; matrix (T037). Numbers cor-
respond to analyses in table Broken lines connect contiguous phases, solid lines indicate 
crystallization trend in direction of arrows, and dashed lines indicated inferred crystalliza-
tion trend. 
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reduce the amount of potassium in solid solution (C-D) (Tuttle and Bowen, 
1958, p. 135). The subsequent resorption of plagioclase (D) and crystalli-
zation of K-f~ldspar mantles (E) is a predicted reaction of a fractionat-
ing liquid of a composition approximating (F-G) (Tuttle and Bowen, 1958, 
p. 134). 
Hornblende occurs as euhedral phenocrysts (1.5 X 0.8 mm) and is 
the major ferromagnesian mineral~ It is usually severely altered or pseudo-
morphously replaced by secondary minerals (epidote, calcite, chlorite, 
magnetite, hematite, sericite) and when unaltered, the crystals commonly 
have resorbed margins. The resorbed margins could be the result of a 
disequilibrium reaction in response to reduced PH2o perhaps during the 
emplacement of the sills. The modal percent of both unaltered and replaced 
crystals averages 1-10% and rarely exceeds 20%. Hornblende is biaxial 
negative with an optic angle of 40-45° and is commonly twinned and zoned. 
A microprobe chemical analysis of a compositionally zoned hornblende 
phenocryst from sample T096 is given in appendix B. Refractive indices 
for hornblende from sample T096 are: alpha= 1.692, beta= 1.705, gamma= 
1. 722. Hornblende exhibits the following pleochroism: X= yellow-yellow 
green, Y• green, Z0 dark olive green. 
Fine to medium grains of biotite and fine grains of aegirine-
augite are additional primary ferromagnesian minerals. Minor biotite 
is a common associate of hornblende. It occurs as a primary phase averag-
ing 2-3% and as fine-grained tufts replacing hornblende. Fine-grained 
subhedral phenocrysts of aegirine-augite are rare. It occurs as a trace 
in samples T096 and T222 and approached 6% in sample T049. Aegirine-
augite is biaxial negative and positive with an optic angle of approxi-
mately 60°. It exhibits pale green to light green pleochroism, XAc= 12°, 
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and beta: 1.720. 
Magnetite is the primary opaque mineral and varies from a trace 
to 4%. Microprobe chemical analysis of a titaniferous-magnetite crystal 
enclosed by hornblende in sample T096 is presented in appendix B. Rare 
pyrite occurs as a replacement of magnetite in samples TllS and Tl65. 
Apatite and sphene are common accessory minerals. 
Feldspar Structures 
Introduction 
The structure of feldspar minerals changes in response to the 
ordering of Al/Si into unique tetrahedral sites. This ordering is a 
function of the temperature of equilibration and the rate of crystalli-
zation. Unit cell parameters and specific x-ray diffraction peak posi-
tions reflect _Al/Si ordering but also are sensitive to composition. 
The interpretation of structural variation in feldspars is 
based on determinative curves derived from analyses of homogenized end 
members and synthetic mixtures. Direct application of experimental 
results is hampered by exposure of natural feldspars to kinetic pro-
cesses that permit development of complex mixtures of phases and struc-
tural states (Stewart, 1975, p. st-4). Compositionally zoned feldspars 
ultimately provide average structural information. The following presenta-
tion of the structure of the Tinton porphyry feldspars as derived from 
experimental results should be interpreted with caution. 
X-ray Diffraction Procedure 
The x-ray data used in this study was obtained with a Philips 
high angle x-ray diffractometer. Whole rock sample preparation followed 
the methods of Hutchison (1974, p. 145). The powdered whole rock samples 
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were backloaded, rotated, and scanned from 2-60° 20 at a rate of 1° 
20/minute using Ni-filtered Cu K alpha radiation. A quartz standard 
was analyzed before every diffractogram to monitor variation in peak 
intensity. Ir.trin.sic quartz was utilized as an internal standard for 
calibration and correction of feldspar peak positions. Feldspar peaks 
were indexed from Borg and Smith (1969). Appendix E tabulates peak 
position (28), d-spacing (A), peak index and correction factors for the 
analyzed feldspars. 
The matrix K-feldspar of the Tinton porphyry is orthoclase. 
Unit cell parameters were computed and x-ray diffraction peaks were 
refined by the least squares refinement program of Appleman and Evans 
(1973). Sanidine, orthoclase and intermediate microcline initialization 
parameters were utilized in successive- runs to determine optimum fit. 
Monoclinic symmetry was deduced from the success of sanidine 
and orthoclase parameters (convergence in four or less iterations) and 
the failure of the program to converge with triclinic parameters of 
intermediate microcline9 The a, b, and c unit c.ell dimensions derived 
from sanidine and orthoclase reference.parameters were equivalent~ The 
position of these unit cell dimensions on the b-c plot of Stewart and 
Wright (in Stewart, 1975, p. st-11) revealed two important distinctions: 
1. Sufficient Al/Si ordering to merit orthoclase structure. 
2. Persistence of anomalous feldspars as defined by Stewart 
and Wright (in Stewart, 1975, p. st-14). 
The anomalous character of the K-feldspars may be explained by postulating 
~he presence of strained coherent boundaries between Na and K phases 
during the early stages of exsolution. Anomalous feldspars may arise 
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from the effect of chemical constituents other than Si, Al, K, and Na. 
Inaccurate positioning of the 'a• cell edge contours on the b-c plot, 
especially in the range Or80_100 , was suggested by Smith (1974, p .. 276) 
to explain the apparent anomalous character. 
Al/Si ordering in K-feldspars follows a predictable pattern in 
response to both the crystallization temperature and the rate of cooling. 
Rapidly quenched, high temperature sanidine has the most disordered 
structure, with equal probability of Al in four tetrahedral sites. If 
the temperature is permitted to gradually decrease, Al is electrostatic-
ally ordered into two preferred tetrahedral sites (t10 and t1m) which are 
related by mirror plane symmetry. The result is monoclinic orthoclase. 
Continued cooling permits preferred migration of Al to one of the 
tetrahedral sites (t10) with a reduction to triclinic symmetry character-
istic of microcline, 
The results of the Al site occupancy (t10 + t1m) for the matrix 
K-feldspar of the Tinton porphyry are listed in table 10. The -values 
range from 65-85% Al in the t1 sites. Stewart (1975, p. st-20) stated 
that much monoclinic feldspar is orthoclas~ with 2t1 = t10 + t1m = 80 ± 
10%, probably because of the thermal buffering of crystal-melt equilibria 
in igneous and high-grade metamorphic terranes at 625-750° C. 
Equilibration temperatures of the Tinton porphyry matrix ortho-
clase may be estimated from the single feldspar geothermometer of Hovis 
(1972). Hovis prepared chemically pure samples with a wide range of Al/Si 
order and analyzed these in a combined x-ray diffraction and solution 
calorimetric study. He defined the degree of Al/Si ordering in terms 
of 'Z', which is equivalent to twice the difference of the mole fraction 
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TABLE 10 
STRUCTURE AND EQUILIBRATION TEMPERATURE 
OF TINTON PORPHYRY MATRIX ORTHOCLASE 
.,,._. _____ --------- --~-------- ----------------------~-----~----·---
----·--
• 0 
• 
< ·c) 
SAI11'LE a(A) b(A) c(A) z t10 + t1m T 
T032 8.555 12.995 7 .187 
. 309 
.69 710 
Tl30 8,567 12.994 7 .188 • 322 
.70 70(1 
Tl55 8,502 13.010 7. 199 
. 334 
.74 680 
T096 8,500 12.976 7,184 ,373 • 72 650 
Tl52 8.530 12. 988 7 .196 
.381 
.76 640 
Tl02 8.562 12.983 7.195 
.419 • 77 600 
T049 8.587 12.984 7 .197 
.431 
.79 590 
Tl65 8.570 12.988 7.201 
.430 
.79 590 
Tl41 8.606 12.964 7 .193 
.487 
.81 550 
Tlll 8.595 12. 983 7.206 
.496 
.85 540 
Unit cell dimensions a, b, and c were computed from the least squares 
refinement program of Appleman and Evans (1973). 
Z was calculated from Hovis (1972). 
Mole fraction of Al in t 1 sites calculated from Luth in (Stewart, 1975, p. st-13): 
t 1 o + t 1m ~ 
Equilibration temperatures 
at 1 Kbar.pressure. 
(c - 0.45132b - 1.22032) 
(1.6095 - 0.11252b) 
(T °C) calculated from Hovis (1972, p.142) 
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of Al in the 't1 and t2 sites~ He d>':'rived 'Z' from the b and c unit cell 
Jim{_~nsLons in the fol.lowing equation: 
z • 7.6144 - 4.1584h + 6.8615c 
T,1hh~ ]O '\ ists the calculated 'Z' v~lues and the approximate equilihration 
tPmf><oratun's as determined from Hovis (1972, p. 142). The single feldspar 
gPothcrmometPr is essentially indepl"ndent of pressure with a calculated 
gradlcnt o[ 3° C/Kb. The maximum temperature of 710° C arid the mean 
tempPrature of 625° Care consistent with the equilibration temperatures 
of orthoclase as estimated by Stewart (1975, p. st-20). A temperature 
rrmge of 700-600° C at 1 Kbar total pressure was estimated from the two 
(el<lspar gcotht"rmometer of Stormer (1975). There exists no di~ect relation 
of equilibration temperatures of the matrix K-feldspar with respect to 
alteration zones,position within the uplift, or to bulk chemistry~ In 
general, the higher equilibration temperatures are associated w-ith 
porphyry of low;,r di f:ferentiation index and porphyry exposed along the 
margin:. hut exceptions are common. Perhaps the distribution of equil 
br,:1tion temperatures mn,y permit a temporal sequencfng of intrusion if 
one assumes a continuous temperature reduction of the cooling magma. 
Pl agioclase Feldspar Phenoc_rysts 
Lt•ast squares refinement of unit cell parameters and x-ray 
diffrnction peaks from plagioclase phenocrysts of the Tinton porphyry 
were computed with oligoclase refc~rence parameter.::, of Borg and Smith 
(1969). this information is used tu determine the degree and trend of 
Al/Si ordering. Al/Si ordering in plagioclase feldspar is a one-step 
ordering process. Structural rearrangement is enhanced by gradual cool-
ing as Al migrates to one unique tetrahedra] site, t10,, at the expense 
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of t 1m) t 2o, and t 2m. 
The determination of site occupancy depends on the angular split 
between 131 and 131 (nze) and the plagioclase composition (An%) and can 
be derived from the equation of Ribbe (1975, p. R-64). 626° was calcu-
lated from least squares refinement of x-ray diffraction peaks for indi-
vidual samples. Smith (1974, p, 327) has shown the dependency of n26 
on mole percent Or with Or5 corresponding to+ 0.1° (n26). Thus, the 
presence of the Or molecule in plagioclase 1 decreases 628, which would 
effectively increase the apparent degree of Al/Si ordering. Plagioclase 
composition (An%) utilized in the calculations are average values, as all 
phenocrysts are compositionally zones. Compositions of samples T037 and 
T096 were obtained from electron microanalysis. Compositions of the 
remaining samples were determined by the methods outlined in table 7. 
Table 11 is arranged with increasing mole percent Al in the t 1o 
site. This trend is roughly paralleled by increasing Na/Ca ratio in the 
respective plagioclase. These parallel trends are in part, a consequence 
of the interdependency of composition and the thermodynamic equilibrium 
limit of ordering. For example, table 12 lists to t10 site occupancy 
range from disorder to equilibrium order for An70, An10, and Ano as 
derived from Ribbe (1975, p. R-37). An70 attains equilibrium order or 
its highest structural state with 46% Al in t10 and An10 attains equilib-
rium order with 77% Al in t10, Only pure albite has a potential of 100% 
Al in t10, 
The significance of Al/Si ordering in the plagioclase phenocrysts 
of the Tinton porphyry is related to the approach of each sample to 
thermodynamic equilibrium order. Samples plotted on the diagram of 
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TABLE 11 
FELDSPAR STRUCTURAL DATA OF TINTON PORPHYRY PLAGIOCLASE PHENOCRYSTS 
--- ---··- -··--···---·-···------------------- ·--- ------
SAMPLE I 620 t 1o (t 1m + t 2o + t 2m)/3 
~------·----------------···--·· ·--~-----·---
T096 .052 .170 .47 ,18 
T032 .058 .168 • 51 • 16 
Tl52 .067 .158 . 56' .14 
Tl41 .067 .160 • 56 , 14 
Tl02 .078 . 151 . 60 .13 
Tl65 .086 .142 • 70 .10 
TISS .097 • 134 , 76 .08 
T037 . 100 . 132 . 77 , 07 
I determined from lower abcissa in Figure R-37 (Ribbe, 1975). 
c.20 201Jl - 20131 (peak values from cell refinement program). 
t10 percent Al in this tetrahedral site. 
C: 1m + t 2o + t 2m)/3 = nercent Al in each equivalent tetrahedral 
site~ 
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TABLE 12 
IDEALIZED PLAGIOCLASE FELDSPAR STl:WCTtJRE 
DISORDER EQUILIBRIUM ORDER 
Plagioclase composition t10 t1m+t2o+t2m t10 t1m+t2o+t2m 
An70 .25 .75 .46 .54 
An10 .25 .75 .77 .23 
Ano .25 .75 1.00 .oo 
Ribbe (1975, p. R-64) were consistently coincident with the curve for 
the anorthite-low albite series, The results of this study suggest 
that the plagioclase phenocrysts of the Tinton porphyry, with a com-
positional range An8_42 , attained thermodynamic equilibrium order. 
Differing degrees of Al/Si order cause variation in unit cell 
angles, Thompson and Hovis (1978) defined this variation in terms of 
obliquity, a measure of the departure of a triclinic feldspar from the 
dimensional requirements of monoclinic symmetry. They cite results from 
dry heating experiments of end member plagioclase feldspars that illus-
trate a relation between crystallographic axial angles alpha and gamma 
and Al/Si order. Low albite, when subjected ~o increasing temperatures, 
gradually became disordered and eventually reached monoclinic inversion 
at 950° c. The Tinton porphyry phenocrysts show variation in equilibra-
tion temperature as illustrated in Figure 16, Ruled horizontal lines 
represent the equilibration temperature range extrapolated from end 
member curves of low albite and anorthite. In a central area accom-
panied by intense hydrothermal alteration, samples Tl65 and Tl55 equil-
ibrated at lower temperatures than representative unaltered rim samples 
Tlll, T096, and T032. If the plagioclase phenocrysts equilibrated in 
4) 
,~,· 
Fig, 16, Variation of (1-cos I (phi]) with teinperature from 
Thompson and Hovis (1978). 
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pl.ace then these results suggest a variation in rate of crystallization 
within the stock that might have been influenced in part by the effects 
of hydrothermal alteration. 
The persistence of maximum ordering as deduced from Ribbe's 
(1975, p. R-~4) method is interpreted as evidence for considerable 
Al/Si ordering after the emplacement of the Tinton porphyry. Eberhard 
(1967) estimated the equilibration temperature of 550• C for An30 and 
lower equilibration temperatures for plagioclase with less calciwn, 
Emplacement temperatures of 650° C for the Tinton porphyry as deduced 
from the matrix orthoclase, suggesting that the cooling rate was slow 
enough to promote structural equilibration of plagioclase phenocrysts 
in place at successfully lower temperatures. 
Bulk Chemistry of the Tinton Porphyry 
The Tinton porphyry comprises a series of texturally similar 
igneous rocks that includes latite, quartz-latite, and quartz-trachyte. 
Representative chemical analyses and CIPW normative mineralogy are given 
in table 13. The Tinton porphyry is oversaturated with SiOz as deduced 
from the persistence of normative quartz and distinct quartz (1011) reflec-
tions on x-ray diffractograms. In twelve ana~yses, normative quartz 
ranges from 0--23% with a mean of 11%. The actual mean value of normative 
quartz is probably below 10% as xenolithic quartz is connnon. The Tinton 
porphyry is decidedly peraluminous as the molecular proportion of Alz03 
exceeds Cao+ NazO + KzO in all analyses. Based on Kz0/Na2o ratios, the 
rocks are analogous to the potassic series of Irving and Baragar (1971, 
p. 590). 
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TABLE 13 
CHEMICAL ANALYSES AND NORMATIVE MINERALOGY OF TilE TINTON PORPHRY 
SAMPLE Tl28 *1'130 *T049 T102 Tl65 T032 
Si02 55.88 60.61 61. 36 62.46 62.88 63.21 
Al203 15.88 16. 36 18.16 17.83 18.41 16.42 
Fe203 2.58 2.18 2.13 2.15 2.08 2.11 
FeO 5. 14 5.26 3.36 2.81 3.31 3.18 
MgO 4.82 2.52 0.86 2.42 1.56 0.66 
Cao 5. 34 4.45 3.20 3.49 1.10 5.37 
Na2o 5.35 3.52 5.80 4.99 5.64 4.46 
K20 2.98 3.80 3.90 2.80 3.93 3.51 
Ti02 1.07 .67 .59 .64 .57 • 6() 
P205 .75 .38 .24 . 32 .22 .21 
MnO .14 .24 .40 .09 • 22 .24 
S03 .07 .00 .oo .00 .13 .02 
QZ .00 10.51 3.91 11.41 9.74 12, 71 
OR 17.60 22.47 23.13 16.55 23.20 20. 77 
AB 44.83 29.79 48.87 42.21 46.90 37.59 
AN 10. 74 17.59 12.06 15.23 4.03 14.48 
DI 8.76 1.63 1.88 .00 .00 9.17 
HY 2.14 12.67 5.35 8.52 7.71 .55 
MT 3.73 3.16 3.08 3.11 3.01 3 ,()6 
IL 2.03 1.28 1.14 1.22 1.08 1.14 
HM .00 .00 .oo .00 .00 .00 
AP l. 78 .91 .57 .76 .52 .50 
C 8.28 .oo .oo 1.01 3.56 .00 
TH .12 .oo .00 .00 .23 • 36 
DIFF. INDEX 62.4 64.6 75.9 70.2 79.8 71.1 
Chemical analyses from electron microprobe except for*( X-ray fluores-
ence). Analytical procedures for chemistry determination in appendix E. 
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TABLE 13--continued 
------
SAMPLE Tl52 Tl55 Tlll *T096 T037 Tl41 
Si02 63.24 63.52 63.70 65.69 67.10 68.90 
Al203 18. 88 19.12 17.98 17.49 17.55 17 .53 
Fe2o3 2.20 2.05 2. 18 1.84 1.81 l.94 
FeO 1.81 1.90 1.34 1.38 • 32 .14 
MgO 1.13 .98 1.09 • 72 .29 . 30 
CaO 2.19 1.01 2. 76 3.26 .80 1.98 
Na2o S.85 6, 16 6.25 S .18 6.34 4.61 
KzO 3.63 4.56 3.66 3.50 4.99 3. 91 
Tio2 .69 .54 .68 .32 .31 .44 
P205 • 18 .08 • 21 .22 .21 .20 
MnO .20 .08 .08 .38 . ll .00 
803 .oo .oo .06 .00 .16 .04 
------
QZ 9.09 6. 37 7.06 14 .30 10. 31 23.13 
OR 21.44 26.96 21.61 20.68 29.51 23.12 
AB 49.54 52.10 52.52 43.82 52.55 38. 78 
AN 9.66 4.51 10. 39 14.13 2.59 8.52 
DI .00 .oo 1.48 .46 .oo .oo 
HY 3. 5 7 3.49 2.03 2.79 • 73 .75 
MT 3.18 2.96 2.61 2.67 .49 .00 
IL l. 31 1.02 1.29 .61 .59 • 30 
HM .00 .00 . 38 .oo 1.47 1.94 
Af' .42 .19 .49 .52 .so .48 
C 1. 77 2.41 .00 .00 .98 2.63 
TH .00 .00 • 10 .00 .28 .07 
DIFF. INDEX 80. l 85.4 81.2 78.8 92.4 85.04 
Chemical analyses from electron microprobe except for(* X-ray fluores-
ence). Analytical procedures for chemistry determination in appendix E. 
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The results of the chemical analyses suggests that the phases 
of the Tinton porphyry constitute a differentiated series. The Larsen 
(1938) variation diagram in Figure 17 illustrates a trend of enrichment 
of SiOz, Alz03, KzO, and NazO with corresponding depletion of Cao, MgO, 
and total Fe-oxides. Where linear trends are believed to substantiate 
a related series, the departure from linearity in porphyritic rocks may 
be explained by crystal accumulation (Carmichael and others, 1974, p. 47). 
The chemical lineage of a rock series may be postulated by com-
paring the weight percentages of SiOz, Cao, Na 2o, and K2o. The Tinton 
porphyry is a calc-alkalic according to Peacock's (1931) alkali-lime 
index. The index is calculated by the weight percentage of SiOz at which 
the weight percentages of CaO and NazO + K20 are equal. Many tholeiitic 
suites are calc-alkalic by this distinction (Carmichael and others, 1974, 
p. 48). Using Kuno's (1966) plot of the weight percentages of SiOz versus 
Na20 + K20 the Tinton porphyry series corresponds to an alkali basalt 
lineage, which in general contains a higher-' Na20 + K20/Si02 ratio than 
tholeiitic suites. The Tinton series is borderline alkaline-subalkaline 
according to Irving and Baragar's (1971) modification of boundary curves 
on an equivalent plot. This discrepancy suggests that the Tinton porphyry 
series originated from either a tholeiitic lineage with excessive KzO + 
Na20 or an alkali basalt with elevated CaO. 
A plot of Si02 weight percent versus differentiation index (norma-
tive Qz +Ab+ An) in Figure 18 compares the Tinton porphyry series with 
alkali basalt and tholeiitic lineages. This diagram deuvnstrates the 
relative degre.e of SiOz saturation of the Tinton series and suggests 
derivation from either lineage with appropriate modification. An alkali 
basalt lineage is suggested by the trend shown on the AFM diagram in 
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Fig. 17. Larsen diagram: Differentiation trend of the Tinton 
porphyry. 
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Figure 19a). The chemical trend of the Tinton porphyry series is toward 
alkali enrichment and corresponds to the alkali basalt field of Irving 
and Baragar (1971, p. 528). Note that the projected origin of the trend 
approaches the average alkali basalt composition (Nockolds 1954). Welch 
(1974) has revealed an apparent consanguinity between the rocks of the 
alkalic ring dike complex of Mineral Hill and the Tinton porphyry 
(alkalic trachyte porphyry) based on selected elements. He suggested 
that the Tinton porphyry was either derived from alkali basalt or from 
another magma with similar concentrations of Ba, Ni, Ti, Na, and Ca. 
The elevated KzO of the foidal syenites (Figure 19b) compared with the 
Tinton porphyry suggests either a derivation from two distinct parent-
ages or unique fractionation of a common source material. 
In summary, the evidence for derivation of the Tinton porphyry 
from an alkali basalt lineage is: 
1. elevated NazO + K20/Si02 
2. chemical trend originating from alkali basalt as 
interpreted from AFM diagram (Figure 19a) 
3. temporally and spatially associated with alkalic rocks 
4. apparent consanguinity with these alkalic rocks 
5. favorable tectonic environment (Carmichael and others, 1974). 
Postulated derivation from a tholeiitic lineage is less compelling. 
The evidence for tholeiitic lineage is SiOz oversaturation and the alkali-
lime index (Peacock, 1931). The mild Si02 oversaturation can be explained 
by crustal contamination of an alkali basalt magma, or by mixing of alkali 
basalt and tholeiite. Excess Cao, as interpreted from the alkali-lime 
index (59% Si02), is a tholeiitic trait. An alkali basalt may obtain 
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excess lime by crystal accumulation of calcium rich phases (An-rich plagio-
clase, hornblende) or by assimilation of chemically appropriate lithology. 
Distribution Patterns of Petrographic Parameters 
The Tinton porphyry exhibits moderate variation in mean grain 
size of the matrix and in modal, chemical, and normative parameters. The 
modal percentage of plagioclase feldspar phenocrysts, ferromagnesian 
phenocrysts, and opaque minerals display moderate variation as given 
in table 8. The variation of plagioclase composition (Ans-44) and whole 
rock Si02 content (55-68%) is substantial. Normative variation is exem-
plified by a differentiation index range of 62-92. The grain size of 
matrix K-feldspar varies from .13 to .03 mm (cf. table 14). These diverse 
intermediate to felsic porphyritic igneous rocks are considered as phases 
of the Tinton porphyry because of a systematic variation of these petro-
graphic parameters. 
The Tinton porphyry is exposed as large masses in a steep-walled 
marginal zone and as high angle sills in Precambrian bedrock .of the 
deeply incised core. The spatial pattern of various petrographic para-
meters revealed a systematic variation from"the periphery to the center 
of the uplift. Indeed, the porphyry in the central area is characterized 
by: 
1. coarser matrix grain size 
2. higher modal plagioclase phenocrysts 
3. lower modal ferromagnesian phenocrysts 
4. lower modal opaque minerals 
5. higher differentiation index. 
so 
The base map of the Tinton district in Figure 20 illustrates the local-
ity of Tinton porphyry samples utilized in subsequent figures. 
The matrix of the Tinton Porphyry is largely composed of lath 
shaped crystals of orthoclase arranged in a pilotaxitic or trachytic tex-
ture. The long dimension of the orthoclase crystals was measured, the 
results averaged, and the values plotted in Figure 21. The mean grain 
size from individual sections varied from fine-grained (.13 mm) to 
aphanitic (.03 mm). The concentric variation from periphery to core is 
well defined. 
The spatial variation in modal percent of plagioclase feldspar 
phenocrysts is presented in Figure 22. Modal ferromagnesian minerals 
and opaque minerals show similar but reverse trends that are less well 
defined. 
The spatial variation of rock chemistry is revealed when consider-
ing the differentiation index of Thornton and Tuttle (1960) and the CIPW 
normative mineralogy. The differentiation index sums the normative Or+ Ab 
Qz and indicates chemical trend of a rock series. Variation of the differ-
entiation index of the Tinton Porphyry presented in Figure 23 illustrates 
a concentric pattern 111.th the most differentiated rocks occurring in the 
central area. 
The geologic map of Smith and ·Page (1941) reveals a tendency 
for peripheral monzonite (latite) and central syenite (trachyte) but 
this tendency was not discussed. Except for·relative proportion of mafic 
constituents, substantial megascopic differences to permit field distinc-
tion of these rock types were not observed. The petrographic determina-
tion of plagioclase composition and recognition of orthoclase mantles on 
plagioclase phenocrysts from the central area are sufficient criteria 
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Fig, 20. Base map of the Tinton district. Location of Tinton 
porphyry samples used in Figures 21, 22, 23, and 24, 
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Fig. 21. Spatial variation in mean grain size of the Tinton 
porphyry matrix. 
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Fig. 22, Spatial variation in modal percentage of plagioclase 
phenocrysts in the Tinton porphyry. 
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Fig, 23, Spatial variation of the differentiation index in 
phases of the Tinton porphyry. 
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short of bulk chemistry in distinguishing quartz-bearing latite from 
quartz-bearing trachyte. 
Alteration 
Alteration of the quartz latite porphyry is widespread and appears 
to be arranged in a zonal pattern. The main types of alteration observed 
individually or i.n combination are: (1) sericitic alteration, (2) oxida-
tion of primary and secondary magnetite, (3) propylitic alteration, and 
{4) pyritic alteration. Table 14 illustrates the alteration minerals in 
selected samples of the Tinton Porphyry. 
Sericitic alteration is prevalent in the Tinton Porphyry and 
commonly affects both plagioclase feldspar phenocrysts and matrix ortho-
clase. Plagioclase phenocrysts may be unaltered, partially replaced in 
preferred compositional zones, moderately replaced with no preferred 
area, or totally pseudomorphously replaced. The matrix similarly grades 
from unaltered to partial replacement near altered ferromagnesian minerals 
and xenoliths, to moderate and extreme unoriented replacement. 
Matrix alteration is minor to absent along the periphery of the 
map area and shows a weak tendency to increase towards the core. Pheno-
cryst alteration is weak in the periphery and exhibits a systematic 
increase in intensity towards the central area {Figure 24). 
Oxidation of primary titaniferous magnetite and secondary magnetite 
is pronounced along the periphery ~nd absent in the central zone, 
Propylitic alteration is characterized by the formation of 
epidote, chlorite, and calcite from primary ferromagnesian and plagioclase 
feldspar phenocrysts. 
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TABLE 14 
VARIATION OF ALTERATION MINERALS AND GRAIN SIZE IN THE TINTON PORPHYRY 
ALTERATION MINERALS ALTERATION SITE 
0 
(!) ..... 
.. U) .. ,.._ 
'" 
.. 0 ~, 
'" 
,µ (!) <I) ..... ..... 
,µ ..... .. ,µ .. <I) .., 
" 
• IS 
-.. ..... 
.., ,µ .,.., .., ,µ .,.., >< 0 >< 
..... 
,µ QJ .,.., .. .,.., 0 u ..... .,.., u .,.., 
fl' ~ 0 .., 0 u 'tl .,.., .. "" ..... .. (!) 
"" 
0 ,-; ..... .,.., .. .., 
"' 
... ... .. 
.. QJ ::! .,.., 6 .:l "' QJ "' ..... ;:! "' ..... ti) = "' i:,:i "' ;l: "' ;l: ., 
T096 0 0 0 .05 
Tl58 * R * 0 0 L .06 
T088 * RD * 0 0 H .06 
T032 * RD * * 0 0 H .07 
TOlO * R * * 0 L H .07 
T074 * R * L 0 M .06 
T141 RP * 0 L H .08 
Tl23 * D * * 0 L H .03 
T049 R * * * * M L M .11 
T019 * R * * * * M L H .12 
T037 * R * * L L H .12 
Tl02 D * * * * * 0 M H .08 
Tlll * R * * * * * H M M .08 
T152 * R * * * * M M H .12 
Tl28 * * * * * 0 H H .07 
T130 * * * * * 0 M H .06 
Tl55 D * * * * 0 H H .13 
Tl65. R * * * 0 H H .13 
Tll5 D 
* * * * * 
M H R .05 
Tll6 
* * * * * 
M H H .05 
Sericit:ic alt:erat:ion 0 = unaltered; L = low; M= moderat:e; H = high. 
R = magnetite rim; D = dusty; p = pyrolusite(dendritic growths) 
Samples are listed from periphery to center of Tinton uplift: 
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Fig. 24. Spatial variation of alteration minerals in rocks of 
the Tinton district. 
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In the Tinton Porphyry, phenocrysts of hornblende and less com-
monly biotite are the primary altered ferromagnesian minerals. Hornblende 
varies from rare unaltered crystals to partially replaced skeletal grains 
to complete pseudomorphous replacements. In pseudomorphous replacement, 
the border is commonly defined by a concentration of fine-grained magnetite. 
Dusty magnetite may be concentrated along microfiactures, dispersed within 
the host or both. Pyrolusite occurs in fine dendritic aggregates within 
the replaced host in sample Tl41. Within the magnetite border, common 
constituents are fine-grained anhedral crystals of epidote and calcite, 
fine-grained fibrous secondary biotite, chloritized biotite, and chlorite. 
The zonal arrangement of propylitic alteration is best defined by sub-
division into chlorite, chlorite + epidote and chlorite + epidote + 
pyrite assemblages. The relative intensities of propylitic and 
sericitic alteration show parallel trends (Figure 24). Within the high 
sericitic zone, lamprophyre (T144), schist (164) and amphibolite (Tl53, 
Tl63) are also pervasively altered to sericitic and epidote + chlorite. 
The presence of pyrite as the dominant opaque mineral in the 
Tinton Porphyry is restricted to samples Tll5 and Tl65 where it replaces 
primary magnetite. Pyrite also occurs as fine grains disseminated in 
light foidal syenite sample Tl37. Pyrite fills fractures and occurs as 
discrete grains in breccia samples Tl45 and Tl56 and is associated with 
tourmaline in an extremely altered schist (Tl64). 
Significance of Alteration Zones 
The characteristic, concentric zonal arrangement of hydtothermal 
alteration minerals in the porphyry copper environment is well documented 
(Stanton, 1972, Lowell and Guilbert, 1970, Carson and Jambor, 1974, 
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Lovering, 1949). The stability of sericite over K-feldspar and the addi-
tion of secondary minerals such as biotite, chlorite and quartz are 
attributable to the late magmatic-early hydrothermal deuteric environ-
ment (Lowell and Guilbert, 1970, p. 381). The similarity of the altera-
tion zones in the Tinton district with the Babine Lake area, British 
Columbia (Carson and Jambor, 1974) is graphically illustrated in Figure 25. 
Most porphyry copper deposits are restricted to a unique environ-
ment. Stanton (1972, p. 386) outlined the porphyry copper environment 
as almost universally associated with: (1) Cretaceous to middle Cenozoic 
igneous activity, (2) porphyritic quartz-monzonite to granodiorite host 
rocks, (3) small intrusive masses (stocks, bosses), (4) minor mafic 
igneous rocks, (5) orogenic environment, (6) major fault zones of 
probable deep vertical extent, (7) excessive hydrothermal alteration, 
and (8) characteristic alteration patterns. The age, chemistry, fabric, 
geometry, and alteration of the Tinton porphyry all conform to the 
porphyry copper environment. Cenozoic mafic igneous rocks are rare in 
the Black Hills. The north trending linear crustal structure defined 
by the North American Central Plains Conductive Anomaly (NACPCA) may 
represent a major continental fracture zone (Alabi and others, 1975). 
The NACPCA has been mapped over a distance of 1800 km of which 300 km 
is exposed in the Canadian Shield and part of which transects the Black 
Hills. The Tinton district also lies at the fault boundary between the 
two structural blocks of the Black Hills uplift (Shapiro, 1971). 
Welch (1974) reported slight enrichment of Cu, Pb, and Mo in 
various rocks of the Mineral Hill-Tinton district compared to average 
concentrations in respective rock types~ Certainly, the environment is 
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favorable for porphyry copper deposits: Altho·ugh significant porphyry 
copper deposits are not confirmed, the petrologic, structural, and 
chemical attributes of the area warrant renewed exploration ventures. 
l 
SUMMARY AND CONCLUSION 
Geologic History 
In the early Proterozoic (Precambrian X), a sedimentary sequence 
of interbedded pelite, graywacke, and quartzose sandstones was deposited 
on Archean (Precambrian W) gneiss at the sight of the present Black Hills. 
The immature sediments and associated pillow basalts intruded by gabbroic 
sills indicate contemporaneous mafic igneous activity, This assemblage 
was affected by the Hudsonian orogeny which produced a well developed 
foliation and lineation striking NNW. At the height of the Hudsonian 
orogeny, the large mass of the Harney Peak granite was emplaced in the 
southern Black Hills at 1700 m.y.B.P.(Zartman and others, 1964). Asso-
ciated granitic pegmatites, exposed in great abundance in the southern 
Black Hills outcrop in the core of the Tinton uplift. The Precambrian 
metaD10rphic rocks of the Tinton district were affected by low pressure, 
medium tempernture (3-4 Kbar; 520-550° C) meta1110rphism associated with 
this intrusive event. The Grenville orogeny produced a metamorphic 
overprint as recorded in sheared Precambrian rocks of the Black Hills 
at 1000 m.y.B.P. (Zartman and others, 19u4). 
The Precambrian rocks of the Black Hills stood in relief prior 
to the deposition of the Late Cambrian Deadwood Formation. The base 
of the Paleozoic section contains mature quartz-rich sediments with 
localized conglomeratic units. In the Black Hills, the Deadwood Formation 
represents near-shore and shallow water deposition on an oscillating 
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shelf region with individual units thinning to the south (Kulik, 1965). 
Later, the Black Hills was largely inundated by shallow seas that 
deposited thick sequences of limestone, in part dolomitic, of the White-
wood, Englewood, and Pahasapa Formations. 
The Black Hills began a period of renewed uplift and igneous 
activity associated with the Laramide orogeny about .72-40 m.y.B.P. (Coney, 
1976). Cenozoic igneous activity in the northern Black Hills occurred 
during the Eocene Epoch (59-38my) and may have recurred about 10 m.y.B.P. 
(Kirchner, 1977). In the Tinton district, the igneous activity began with 
the emplacement of a stock of quartz latite-quartz trachyte (Tinton 
porphyry) which produced localized uplift of Precambrian rocks. The Tinton 
porphyry invaded the Precambrian metasediments along foliBtian surfaces. 
The ensuing uplift caused brittle fracture in t.he overlying Paleozoic 
sedimentary rocks which led to the development of an arcuate fault system. 
The reduction of lithostatic pressure along these faults permitted passage 
of large masses of upwelling magma. On the basis of K-feldspar structure 
and feldspar solid solution chemistry, the intrusion temperatures of the 
crystal+ liquid magma was determined to.be approximately 700° C in the 
marginal zone and= 600° C within the center of the uplift. The cooling 
of the Tinton porphyry proceeded from the periphery to the center of the 
uplift producing a gradational increase in matrix grain size in that 
direction and at a rate that permitted equilibration of plagioclase 
structures in place. Lamprophyre dikes were emplaced along joint systems 
that developed in the solidified porphyry mass. The Mineral Hill alkalic 
ring dike complex was emplaced in an area west of Tinton that covered 
3 km2 • A period of hydrothermal alteration affected Precambrianmetamorphic 
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rocks, Tinton porphyry, lamprophyre dikes, and the alkalic rocks of the 
ring dike complex. Intrusive breccia was emplaced proximal to the ring 
dike complex and also in masses that extend into the Tinton district. A 
renewed pulse of hydrothermal fluids fractured and altered the solidified 
breccia. Lamprophyre dikes were still being intruded at this time as they 
crosscut the breccia. 
Conclusion 
The results of this petrographic and chemical analysis suggest 
a generic relation between the Cenozoic igneous rocks of the Tinton dis-
trict. Pyroxenite and lamprophyre were found to be similar in mineralogy 
and texture. The clinopyroxene phase (salite), which comprises 60--80% of 
both rock types, was determined to be chemically indistinguishable, or 
nearly so. The remaining mineral assemblage in both rocks is nearly 
identical (apatite, magnetite, biotite, zeolites, + nepheline). The tex-
tural void between the fine-grained panidiomorphic lamprophyres and the 
medium-grained hypidiomorphic pyroxenite may be present in sample T099 
which carries medium-grained clinopyroxene crystals in a typical lampro-
phyric matrix, The occurrence of clinopyroxene clusters that resemble 
pyroxenite xenoliths in lamprophyres far removed from the exposed pyroxenite 
body again suggests a common genesis. 
The chemistry of the Tinton porphyry illustrated an affinity for 
an alkali basalt parentage and an apparent consanquinity with the alkalic 
rocks of the Mineral Hill ring dike complex (Welch, 1974). The possibility 
of two distinct magmas (alkali basalt and tholeiite) was not disproved. 
These two magma types connote distinct fractionation series, physiochemical 
conditions of genesis, and ultimate depth of "origin. Fractionation of an 
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alkali basalt magma (alkaline olivine basalt) leads to undersaturated 
nepheline-normative differentiates and tholeiite fractionation leads to 
a saturated quartz-normative series. These magmas can be generated by 
the partial melting of a common starting material under different condi-
tions of total confining pressure, HzO content, and COz content. Alkali 
basalt magma is generated at higher total pressures, lower HzO contents, 
and higher co2 contents relative to tholeiite (Yoder, 1976). The 
nepheline-normative alkalic rocks of the Mineral Hill ring dike complex 
were derived from an alkali basalt. The mildly saturated Tinton porphyry 
is believed to have been derived from the same lineage with sufficient 
assimilation of sialic material. Future trace element studies could pro-
vide the basis for the determination of a common alkali basalt origin or 
a distinct alkali basalt+ tholeiite mixed magmatic derivation. 
Hydrothermal alteration in the Tinton district was found to be 
arranged in concentric zones; the classic halo effect. The chemistry, 
fabric, geometry, age, alteration, and environment of the porphyry was 
deemed favorable for the prospect of porphyry copper deposits. Renewed 
exploration appears to be in order. 
Future Study 
The opportunities for additional geologic analysis in the Tinton 
district include: 
1. The structure and stratigraphy of the metamorphic rocks 
2. Isotope and trace element analysis of the Cenozoic igneous 
rocks to determine the age and ultimate chemical relation 
ocf these diverse rock types; and 
3. Direct mineral exploration methods to determine the economic 
significance of the alteration halo, sulfide mineralization, 
and intrusive breccia. 
1 
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DESCRIPTIONS OF METAMORl'l!IC ROCKS OF THE TINTON DISTRICT 
Sample Description 
T065 Phyllite: dense, fine-grained, light reddish-gray splintery 
phyllite with quartz, muscovite, and biotite, 
T091 Phyllite: fine-grained, light gray phyllite with quartz, 
muscovite, and weakly defined layers rich in biotite. 
T036 Altered phyllite: fine-grained, light yellowish-brown phyllite 
quartz, muscovite, and clays. 
Tl64 Replaced phyllite: fine-grained, medium gray, finely lamin-
ated (1 mm) phyllite with severe alteration and largely re-
placed by pyrite and tourmaline. 
T043 Metagraywacke; fine-grained, greenish-gray, weakly foliated 
metagraywacke with quartz, muscovite, graphite, and fine-
grained feldspar clasts, 
Tl59 Metabasalt: fine-grained, green, metamorphosed amygdaloidal 
basalt with abundant calcite+ zeolite amygdales. Rock is 
spheroidally weathered which may indicate presence of pil-
low structure. 
Tl26 Metapelite: fine to medium-grained, dark gray, quartz+ 
biotite + muscovite schist with well developed foliation, 
Tl06 Schist: medium-grained, gray, gneissic schist with quartz+ 
Tl72 biotite + muscovite and abundant crosscutti~ quartz veins. 
T075 Spotted schist: fine-grained, grav, weakly laminated schist 
with light gray, ellipsoidal segregations (0.6 X 2.5 cm) 
rich in cordierite, 
T077 Spotted schist: fine-grained, light gray, weakly foliated 
muscovite, biotite, and quartz schist with whitish, ellips-
oidal segregations (0,3 X 1.1 cm) rich in cordierite. 
Tl63 Amphibolite: medium-grained, very dark gray metabasite with 
hornblende, plagioclase, quartz, and localized chlorite. This 
description is typical of the following amphibolites: T092, 
Tl47, T051, T018, Tl03, T044, Tl53, and T174. 
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APPENDIX B 
MICROPROBE C!UiMICAL ANALYSES AND NORMATIVE MINERALOGY 
OF MISCELLANEOUS ROCKS FROM THE TINTON DISTRICT 
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SAMPLE 
Si02 
Al203 
Fe2o3 
FeO 
MgO 
cao 
Na20 
K20 
Ti02 
P205 
MnO 
S03 
OR 
AB 
AN 
LC 
Tjl 
DI 
OL 
MT 
Ml 
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TABLE 15 
MICROPROBE CHEMICAL A.~ALYSES AND NORMATIVE MINERALOGY 
OF MISCELLANEOUS ROCKS FROM THE TINTON DISTRICT 
A 
so. 34 
22.19 
2. 34 
3,59 
1.26 
6,65 
4, 35 
7.57 
0.84 
o.oo 
0.30 
0.12 
38.22 
0.00 
19.17 
5.26 
0,21 
11,64 
0.88 
3.41 
1.60 
19.61 
B 
55.16 
23.47 
l, 71 
1.08 
0.65 
3,08 
6.32 
8.04 
0.21 
o.oo 
o.oo 
0.11 
47.59 
11. 99 
12. 33 
0,00 
0, 19 
2. 35 
0.52 
2.48 
0.40 
22.15 
C 
55.97 
·17,74 
11.29* 
5, 15 
1.85 
2.88 
3.62 
1.03 
0, 13 
0.18 
0.18 
D E 
41.55 41.53 42.07 
21.43 21.65 20.69 
17,03* 16.64* 18.40* 
1,09 1.00 1.39 
18.46 18.70 17.38 
o.oo 0.14 o.oo 
o.oo 0,00 o.oo 
0,00 o.oo o.oo 
0.12 0.28 o.oo 
0,00 o.oo o.oo 
o.oo o.oo 0.00 
G 
q.43 
1.86 
89.96* 
0.49 
o.oo 
0.32 
0.12 
4.62 
0 .17 
0.03 
0.04 
SAMPLE KEY: A; dark foidal syenite Tl34; B; light foidal syenite 
Tl37; C; cordierite-bearing metapelite T075; D-F; 
hornblende phenocryst (core to margin) from quartz-bearing 
latite porphyry T096; G; titaniferous magnetite inclusion 
from the above hornblende crystal. 
* Total Fe-oxides 
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DESCRIPTIONS OF SEDIMENTARY ROCKS.OF TF!E TINTON DISTRICT 
Sample Description 
T098 Dolomitic limestonel mottled brown and buff, fine to medium-
grained dolomitic limestone with minor fine-grained quartz. 
Whitewood Formation. 
T012 Dolomitic limestone: mottled buff and white, medium-grained 
dolomitic limestone with drusy calcite. Whitewood Formation. 
TOll Skolithus sandstone, buff colored, fine-grained, well sorted 
subrounded, limonitic sandstone with quartzitic layers. Dead-
wood Formation, Red Gate Member, 
Tl69 Red sandstone: medium to coarse-grained hematitic sandstone 
with subrounded and frosted grains. This porous and friable 
sandstone has graded beds and large-scale cross-bedding. Dead-
wood Formation, Red Gate Member. 
T097 Shale: massive, red-brown shale with microscopic gray mottlings. 
Deadwood Formation, Boxelder Shale. 
TNNM Siltstone: finely laminated, calcareous, glauconitic siltstone 
with interlayered lenses of fine-grained sandstone and occas-
ional trilobite fragments. Deadwood Formation, Boxelder Shale. 
Tl20 Fossiliferous limestone: medium-grained, grayish-green, lime~ 
stone with glauconite and fossils that include brachiopods, 
trilobite, and echinoid fragments and flat pebbles of limestone. 
Deadwood Formation, Boxelder Shale. 
T005 Limestone flat pebble conglomerate: microcrystalline limestone 
pebbles in a medium-grained calcite-rich matrix with brachiopod 
fragments. Deadwood Formation, member uncertain. 
Tl71 Golden sandstone: well sorted, coarse-grained limonitic sand-
stone with subrounded quartz grains. Deadwood Formation, Dark 
Canyon Member. 
Tl62 
T087 
Sandstone: Clean, white, coarse-grained, well sorted quartzose 
sandstone with localized hematitic stain, Deadwood Formation, 
member uncertain. 
Sandstone: medium to coarse-grained poorly sorted light gray 
sandstone with some clay. Deadwood Formation, Dark Canyon Mbr. 
T026 Brachiopod coquina: Coarse-grained glauconitic quartzose sand-
stone with abundant brachiopod fragments. Deadwood Formation, 
Dark Canyon Member. 
Sample 
T002 
T069 
103 
Description 
Sandstone: clean, white, medium-grained sandstone with minor 
clasts of feldspar. This predominantly massive sandstone has 
an occasional coarse-grained layer and isolated cross-bedded 
units. Deadwood Formation, member uncertain. 
Basal conglomerate: Very coarse grains of frosted and rounded 
quartz set in an arenaceous clayey matrix. Deadwood Formation, 
Dark Canyon Member, 
., 
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TABLE 16 
IGNEOUS ROCK DESCRIPTIONS 
color/matrix texture and feldspar mafic 
sample plagioclase structure phenocrysts minerals xenoliths 
T032 light gray to glomerophyric An26-40 replaced qtz,mica/ 
pink/buff pilotaxitic resorbed amphibole schist 
margins quartzite 
T037 lavender to trachytic An12-l8 replaced 
pink/buff glomerophyric orthoclase amphibole 
mantle 
T049 light gray to pilotax1t1c An30-42 aegir1ne 
pink/white foliated replaced 
glomerophyric amphibole 
T096 medium gray/ pilotaxitic An30-38 aegirine aragonite 
pink glomerophyric hornblende 
Tl02 medium gray/ pilotaxitic An24-28 replaced qtz .mica 
white amphibole garnet 
schist/ 
calcite 
Tl23 light gray to pilotaxitic An37_45 replaced quartz 
lavender/white amphihole 
biotite 
Tl28 gray green/ pilotaxitic An28-36 replaced 
buff glomerophyric amphihole 
hiotite 
Tl41 light gray to tr achy tic An2e-32 replaced 
buff/white glomerophyric amphibole 
Tl52 light gray to trachytic An24-36 replaced 
lavender glomerophyric amphillole 
Tl65 buff pilotaxitic An10 replaced qtz.mica 
light yel:low glomerophyric orthoclase ampliihole schist 
mantle 
Tl55 medium gray cracnytic >..n1i replaced 
to lavender glomerophyric ort oclase ampM.liole 
mantle 
1 
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PETROGRAPHIC METHODS 
Modal Analysis 
The modal analyses have been computed by point counting which mea-
sures the relative area underlain by each mineral present in thin-section. 
The modes were based on 500 counts with a grid-spacing approximating one 
half the average grain size as outlined by Chayes (1956). Grid-spacing 
for porphyritic rocks was based on phenocryst dimensions. The precision 
of the given mode varies directly with the relative percentage of each 
phase with a confidence level of 95% (Van der Plas and Tobi, 1965), Modal 
percentage of 28-80% varies± 4%, 13-28% varies± 3%, 5-13% varies± 2%, 
and 1-5% varies± 1%. 
Feldspar Staining 
Rapid distinction of K-feldspar and plagioclase on hand-specimens 
and uncovered thin-sections was facilitated by the feldspar staining pro-
cedure of Bailey and Stevens (1960). This procedure was especially useful 
for phases of the Tinton porphyry which exhibited red-stained plagioclaae 
phenocryats set in a bright yellow (potassium cobaltinitrite) K-feldspar-
rich matrix. 
X-ray and Electron Microprobe Analysis 
Grinding and splitting of rock samples for x-ray and electron-
microanalysis followed Welday and others {1964) and was achieved by the 
following procedure: 
1. 40 g sample crushed to <2-3 llllll 
2. sample split to 20 g 
3. 20 g sample ground in Spex Mixermill (large vial) for 
5 minutes to <20 mesh 
I 
., 
.... 
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4. successive splits to obtain lg sample 
5. 1 g ground in Spex Mixermill (vial 5004) for 4 minutes. 
X-ray Diffraction: One gram of sample obtained from step 5 above 
was backloaded according to method B (Hutchison, 1974, p. 145). The 1011 
peak from an alpha-quartz standard was monitored for intensity and posi-
tion before each analysis to facilitate standardization of successive 
analyses. Samples were scanned from 2-60° 28 at a rate of 1° 26/minute 
on a Philips high-angle x-ray diffractometer, 
Electron Microanalysis: One gram of sample obtained from step 5 
above was ground in a Spex Mixermill (vial 5004) for an additional 5 min-
utes. The sample was backloaded into an eighth inch cylinder in a carbon 
mount and analyzed for 100 seconds at 39 X magnification which permitted 
al mm2 area for chemical analysis. The additional 5 minute grinding 
period was determined to be unnecessary for consistent results. Polished 
thin-sections were also utilized for chemical analysis of individual min-
eral grains. Standardization of chemical analysis and precision of data 
are forthcoming (Karner in preparation), FeO and Fe203 were calculated 
from total Fe-oxides by the method of Irving and Baragar (1971, p. 526). 
X-ray Fluorescence: Sample preparation followed methods C and A 
of Hutchison (1974, p. 294-295; 265-268), Samples were prepared and 
analyzed in duplicate to facilitate the elimination of sample bias and 
methodological error. Operating conditions are included in appendix G. 
Determination of Total Reactive 
Carbonate 
Total reactive carbonate was determined by the sediment analysis 
procedure of Royse (1970, p. 119). Carbonate determination was necessary 
& 
··-
l 
... 
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because of the· common occurrence of calcite associated with zeolites in 
the lamprophyres and in association with hydrothermal alteration • 
., 
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APPEND IX F 
X-RAY DIFFRACTION DATA FOR TINTON PO!U'HYRY FELDSPARS 
Sample 
Quartz 
Plagioclase 
201 
1T1 
130 
002 
220 
131 
~1 
,.;::t, 1 
204 
K-Feldspar 
111 
201 
130 
112 
002 
131 
132 
060 
TABLE 17 
X-RAY DIFFRACTIOil DA'rA FOR TINTON PORPHYRY FELDSPARS 
T032 
•20 I/I
0 
• dA 
26.58 100 
.08 
21.96 25.5 4.047 
22.86 7,0 3.890 
24.35 11.6 3.655 
27.98 86.1 3.188 
28.38 13.8 3.14lf 
29.68 11.6 3.009 
31.43 2.846 
35.50 15.9 2.528 
51.38 7.0 1.778 
15.09 Lf.6 5.871 
21.05 4.6 lf.220 
23.65 3.762 
25.74 13.8 3.461 
27.72 100 3.218 
29.98 11.6 2.980 
32.38 it. 6 2. 765 
41.68 11.6 2.167 
T037 
•29 I/I
0 
26.60 55.9 
.06 
• dA 
21.96 32.4 4.047 
22.96 8.8 3.873 
24.29 14.7 3.664 
27.94 79.4 3.193 
28.28 17.6 3.155 
29.75 11.8 3.003 
31.39 2.850 
35.46 8.8 2.531 
51.30 8.8 1.781 
15.16 5.9 5.844 
21.06 17.6 4.218 
23.56 3.776 
25.74 20.6 3.461 
27.76 100 3.213 
29.86 20.6 2.992 
32.40 8.8 2.763 
41.74 8.9 2.163 
T096 
•20 I/I
0 
26.54 100 
.12 
• dA 
21.96 24.4 4.047 
22.86 8.9 3.890 
24.39 11.1 3.6L,9 
28.02 84.4 3.184 
28.39 13.3 3.143 
29.63 8.9 3.015 
31.44 2,845 
35.49 15.5 2.530 
51.36 12.0 1,779 
15.22 4.4 5.821 
21.20 8.9 4,191 
23.64 3.763 
25.78 13.3 3,455 
27.77 93.3 3.212 
29.96 8.9 2.982 
32.44 4.4 2.760 
41.72 8.9 2.163 
T102 
0 26 I/1
0 
26.59 100 
,07 
• dA 
21.97 28,7 4.045 
22.92 6.o 3,880 
24.39 11,.3 3.649 
27.97 90.0 3.190 
28.35 14.3 3,148 
29.69 12.2 3.009 
31.43 2,846 
35,49 16,3 2,529 
51.40 8.3 1.777 
15.15 4.1 5.8Lf8 
21.05 G.o 4.220 
23.67 3.760 
25.70 10.2 3.466 
27.77 79.8 3.212 
29.85 10,2 2,993 
32.29 4.1 2.772 
41,77 6.o 2.162 
.... 
... 
... 
....ii 
_;.J 
TABLE 17--Continued 
Sample T111 T 14 1 T15? 
• • 
·2e I/I0 
• 
•2e I/I 0 di\. ·2e I/I0 di\. dA 
Quartz • 5,5 40.e 26, 51+ 100 26,55 /16, 5 
Correction ,08 • 12 • 11 
Plugioclasc 
'-!21 21,98 36,7 4.041+ 21,94 15.6 4,051 22.00 ?C: 6 4,040 ._:;i.' 
111 .93 8,2 3,370 2,!, 90 8.9 3.883 22.88 7.0 3.856 
130 24.24 28.6 3.67? 24.38 8.9 3.651 24.36 11 • 6 3,654 
002 27,90 100 3, 197 28,02 60,0 3, 18!, 28,05 86.o 3,183 
22.0 28.13 30,6 3.166 28.42 11 • 1 3,140 28.33 ?3 7, 3, 150 t.. • _, .... 
131 29.70 10.2 3.008 29.72 C 9 3,006 29,75 13,? 3,005 .... o, ..., 
.Ll:1 31,33 2,855 31 , 4?. 2,847 31,44 2,845 
241 35,1:5 12.2 2,532 35,5,~ !3,9 2.527 35,51 18, f, 2.528 
204 51,28 6. 1 1.781 51,36 4,4 1.779 51,37 9,3 1. 778 
K-Feldspar 
111 15,04 4. 1 5,890 15.20 4,4 5.828 15,1':i l;.6 · 5.844 
201 20.94 14,3 4,242 20,92 22,2 4,246 21.12 9,3 4,206 
130 23.64 3.763 23. 72 3. 751 23,67 3.760 
112 25,66 16,3 3,471 25.74 11 • 1 3.461 25.72 13,9 3,463 
002 27,70 67,3 3.220 27,74 73,3 3. 216 27,79 100 3,210 
131 29.98 14,3 2,980 29. 811 4,4 2,994 29.89 18,6 2,989 
132 32,36 4. 1 2,766 32,44 4.4 2,760 32,40 4,6 2,763 
060 41, 72 6.1 2.165 41, 76 8,9 2,163 41. 72 7,0 2,165 
_;..a 
TABLE 17--Continued 
Sample Tl55 'r165 IN".'O 
• 0 20 I/I 0 dA 
0 20 I/I0 
• I/I0 
• dA •20 dA 
Quartz 26.60 30.6 26.58 64.5 26.59 91.9 
Correction .06 .oB .06 
Plagioclase 
?01 22.03 30.6 4.035 22.01 24.2 4,038 21,97 21, 6 4.045 
- 23.03 9,7 3.862 23.02 8.0 3,863 22,98 8.1 3,870 1 l 1 
130 24.26 29.0 3,668 24.22 25,8 3.674 24.20 16.2 3.677 002 27.96 100 3. 191 27.93 100 3.194 27.94 83,!J 3, 193 220 28,16 25.8 3,16a 28.14 ,;:4.2 3,171 28,17 16.? 3,167 .... ,_. 
131 29,86 12, 9 2,992 29,76 9,7 3,002 29.80 16,? 2,998 .., J...il 31 ,, 2,855 31,34 2, B51f 31, 28 2,860 .// 
.::;41 35.16 11. 3 2.552 35,12 F\,0 2,555 35,64 5. I+ 2,520 
204 51,26 4,8 1. 782 51, 20 4,8 1,784 51.24 5.4 1,783 
K-Feldspar 
111 15.06 4,8 5,883 15. 16 3,2 5.844 15,08 a. 1 5.875 201 21. 23 3,2 If• 18:, 21.00 s.o 4,230 20,99 5,4 4,232 130 23,58 3,773 23,58 3,773 23,50 3,785 112 25,69 14,5 3,467 25.68 9,7 3,468 25.68 24,3 3,468 002 27,76 41,9 3,213 27,72 33,9 3,218 27,58 JOO 3,234 131 29,88 12,9 2,990 29,98 12,9 2,980 29,84 27.0 2,994 132 32,32 3,2 2,769 32.39 3,2 2,764 32,37 10,8 2,765 060 41, 70 6,5 2,166 If 1, 71 4,8 2,165 41,68 10.8 2,167 
APPENDIX G 
INSTRUMENT PARAMETERS FOR X-RAY FLUORESCENCE 
TABLE l,8 
INSTRUMENT PARAMETERS FOR X-RAY FLUORESCENCE 
ELllMENT Mg Al Si p K Ca Ti Mn Fe Na 
Analytical Line lK lK lK lK lK K K lK lK 
"' Tube Anode Cr Cr Cr Cr Cr Cr Cr w w ,.c0 
... 
Crystal ADP EDdT EDdT EDdT LiF LiF LiF LiF LiF ?, 0 
... 
Detector Voltage (Kv) l. 793 1.815 1.815 l. 782 1.865 l. 755 l. 785 l. 780 1.780 0 .... 
Volts (Kv) 50 50 50 50 35 35 35 50 35 a 
Current ( mA) 25 25 25 25 10 8 10 40 30 i:l .... 0 .... 
... 
"' Window 16 24.5 27 16 49.3 28 30 40 40 ... 0 
. "' 
Lower Level 7 5.5 7,5 9 12.5 11 14 
.... 
7 15 
"' 
>. 
Collimator crs. crs. crs~ crs. crs. crs. crs. fine fine ,.c 
Path vac. vac. vac. vac. vac. vac. vac. air air 
"' Counter gas-f gas-f gas-f gas-f gas-f gas-f gas-f sent. sent. "' i:l
.... 
Counting Interval (Sec) 100 100 100 100 10 10 20 100 10 ll ... 
"' ... 
"' 
"' 
Goniometer Reading •2e 106.8 112.8 78.08 58.55 136.85 113.16 86,07 62.7 57.6 a 
" Backround Reading ·2e 108,5 108.0 79.75 56.50 133,50 110,00 84.00 66,0 56,0 .... 
"' Crystal Position 2 2 2 2 l 1 1 1 1 0 
"' 
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two ~c.ncTations n ·- cnltcdr<.11 ::1c1li ts.· .Ji : '::'IH.''"''-'SL;:; , f, 110 - ,~: ni 11(~d ~ila.1i'-ern1u.'> 
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and sericitizerl . 
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Li>!.lit roicliJ] <;•;c,:i.!..c. ] f ·· i 1· <>r_r,· .,,1,--,1· ,.•jr' t •'CC.:r· 1·- j n]lv ::he c: n r1c, m::.n -
(' ra l n;-.;-;0:n:) 112:e ;is ,l> e d<t:·1 '·1i., ., I ···i--i r'-· L11· :·n·<; i s~·i;;_t~ 1,~ l,_.c:s :.1.,1 
1.J~· m; 11- ..Lc c0:1"ti!\1e11t:."' . 
\'r-rv cl.1rk e'1·,·1y, -'ledi u111-:.,-r,1 i 11.'11 l,,-1dd ini11,-,r nhi: ,•r.-1 : 111,1r r,,.-n,xr"1i·- ,., 1,d-:-h 
.c; ,::i 1i.tl': , 111:'litrleli. le, 1·c1,IH" , in f' , ·1n:l~i'.::.', '""'. i l>t il(• , : 1"<1 ;1uc1ic i rnc·. Lol'ally 
b reccL.1tc- 2 hv svt: i1"(' ;11111 r·,11 , ii(' - zf'nl i!• · v, i,:l ct·.s. 
:\]!.:.a1L, r in f:' c!ikr- n ,,1,s nf 'i;'Pr;1' ! 1 1 ·: i r. 1-ll· ,li,,0 n\·H1\:r_' 1 -i :_c , :l ;1r"k ;111(1 
1 i1~ht fo idA]_ ~~v er•iL G, 119 t 1d11I:,·:, Lt l• 110,-,,:1vrv, <.-md fc·lds1;c1t!1s"J i r:.,il c::-, f',ti ·: e 
bn.'cci.r, : unnaoped; (se>c 11,~ , ·'"'.. ] 9 : 1 ~ 
l)r,d( ,1 n d rnetii1 rrl rc:· ;1v, 'rw11~ r n l i +·J-ol ,-, ~ic , 11i-,;~L1t if i 0ri i :1t n1sivc bn::-ccia 
\,iir-h ,1 11 ,1:J11:, ,i-itiL' 's;",1 !1vp,wn··:t 11] li; c• hr ·m.r i -;!·: ·,1;1 lrix . A!l)L:.Jla r li t hi.c 
c: l flsts in(·1ude 1H'~•m;1'.:iL<' , e> , j ;; t. TJp a d\,'CH1n Fnr:n;1t i o i1 , ':'i:1to,, nonJhV\' V, 
i-LT'd L-1:1l;: ronhv rc . Tntrn . .;i<'r• -hr:--,'( i:> c nnt;iips c 1.e::ist s t hnr h,Jv1.- ber~r, pi·onyl -
itjzC'd ;:inrl "L'n ' ;-1rr>c! h,· ri,· 1·i1-p i-c1!,,":-i \ r 1· 1: i~I, 1:r,,il t ,c r r rl 0ncs . l.n te stt)f0. 
nrnpvJitic., ,.-,ci·i [ il.. i" , ~1· 1d 1•:riri.c <1lLcratiu1:1 r,1i_n c :r:1l:1 ar1' con-:::cci L. ri.lt l'd 
Dloc\g c r nc t 11:ec; . 
n 11i1;-t;,;-lJl-'a:ci.:1g .Lcoti.C:e ;-m rl c r ,1:'~1·-, ;-c n,,rnlwrv wi:-[1 ~ft- hP r 'l nilo:::cu:"Li~l" or 
Lr.i cl 1\·tic t(' :,:t u r e . fl.ph:p-,_-i ,- 1:;itr i : is ],-;\·r>i:rl,., r 1;1 ' l i " hl 0. r.1,· ,.t--1e :1 f rt>f-'h 
and lir,ht i:: ree-r1 "'nd h11f f '·'''.en ,'l' t F rPrl a,,ri ,'rms'.:; rs 11r i rnt1ri :Y ,, r ci.-r- 11.1-
J)ink, cl llli ) i. id 1~ <\El' l'TI, 11:--r· n c ,· 11,:i :~ n <1 l lv rnc111f lt•ll 1-,\• ,;, L.h t1 , r·:1d \' .'S r': 
f ro:-n 2 ] - <'.127 at tlt:, r0.!<. l,inc, - i·1-:i 1nc- d, :·rnn,rlc•d l1,-,r 1b lo1d r, cr\'c; ;, Is .'I.re 
c otmnn n] v ;:iltet-e (i tn hio: iL<' , , ·]i nri:c, ,-·nidntP, anl calrl~e. ()11Lc "1" 00 te1-
d0 n rv fo r r>c' ri11h,-rnl lntit :·, ,id <·c n t ra ! t1 <1c 11\·t p . 
HhitC'wood r0r'1;1 Jic>1:: ,'!1,r '1 ( t ' I), rr ,rid ii :-r,.,, cl,1lri~1i t i ; i i11'c ·s~cuc . Expu:J 11re · 
J imi t('tl to L>:~rc 11,· s uuL 1· L'i l '' L I.T" T:!'.· i l l!(: ,;c111Lil\,' ("-;L (· ·rirJR) o st11d\' are;:i. 
l{ed r;nu· ~lcc!ll-icr : 
Rrix f l C:e~- Si1.il,_•: 
D·; 1· k C '1 11\"(1:, 'll,, · 
~1asl-' iv;:• :mrl 1T0ss - hl'rld c-d n~rl Rflncls ron P < nnJwd hv n 
·-.,p,·s i ~'..:eni. Skn Ii tl 1,i !"- :--;.-1 1:dst i0 ni-•. 
11 1\P·- --e , ·,h•d ;•rec•u silnie·, si _l~t"<l:'!f' , :ird "i11Psln;~(;' 
fl ~~ -;,oh"1 l ~ r 0 1•0 [ 0IT('fil~P . 
j :t•;;1I {T·'.11.:Jn1·11T1Jlt', rN1 s::;~ ivt· n1'd r rr1 ss -hc··d rl cd ;J1 1ff to 
c'.ll'd0~1 s.inclsr onc . hr,1c '1ic,nnrl cnqi 1in.01. rr,rl ;-m d <·,r0er"J 
sh;ilr~;-::, ,L,rJ, 0;·.-1,· ;i;d L'-.-c,:• n '. ' .-,11cn,·,ir-11 ,c;illsLn:"'3 
c!i":J i.it11r·s:- r,n0 f\;1 L-::r>b l,] f' c, 1.-, 1,_ IPrn e r.1\l 
""i :·r,i .· l'.11 <: . r,,:_,w--:ri.<,c , a!hit·p, oli~o-
c L:i.sc , ~ 11<i rnnsn 1-,•i te Fith .1s:-;c,ri.-1t,•d ,:.:1 )c,t·i : c . li ldo nh"i , i: c, , I P: 1·c1,1l i nc' 
(i.-i dico1i1·e s c hr rlir <:: ), ;1--d ,·;1n• 'wr··· . iln, mine 1·n 1s i;1c.iud(' ,·r,s•; iL'--' ritc 
, ·0 ·111 mbirP-r :mta 1 it", soodu!!l"H.', c-mbl,·,;or.:._'_t•, c1nC Tl·ld.c.;pnr; ( -;cc,, S-:nith 
;:i n ! P;n•,0 1 Dl, L ; . . 
J'l;-1(, Rock Forrnaticin? '!"L:1,1- 1 il pc.; nn• 1 Lg l1t .-md •-ned irn:: ? ru v fi!"'e-grained 
n]1\' ]Lil c '.; m i d ::;rhi ;c:;1s ;,,i t1 ,1 W('I' (le"''.', l11 1wC 11·1·.,ti,1 11 . '1in01· .1 l :1s e;C" rnblc1go. 
in r l11rl0,:, (l 11;1r r-z, hini---i 1c• , >li.1'e'. i1J:·l; 1•,,·. ~Pd ''fl.' 1'(1nlicri".::c· n nn1h\·r o il l.2.sLs 
c1,:; s u, i ;:itcd i:1 Ll11c.' !' t c,J,, \,• .:l, : 11"1\' gda l ,,id;:1 "! 1-,~1s .11 ~ . Yl'tah,1 s ii·r·s rt r i~ dci,-k 
..::·;1v to green 1nedi :111- .~ rE1i11f' t' , _•rAtird·, l,·1s 1 i, r:-i rr-,..,~,Lnh!,10:-i,~ nmnhilmliL e s 
•.;: ith 1101Th ' P,ch•, nl i 1·.t~c 1 ~{!:; r, , ;.111d l,foti·_c: c c1E11,i-i .'--'i.!lg the 021-agcnt~sis. 
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